Annot at ed Bi bl i ography of TABS-MD Nurerical Mdeling System
NN NN NNy
DRAFT DRAFT Decenber 1997 DRAFT DRAFT
NNy

Apicella, Quy, Norris, Robert, Newton, Johanna, Ewald, Walter, Forndran,

Angel i ka. (1994). East River Mdeling O Water Quality For Miltiple-Project
Assessnents", Proceedings of the 3rd International Conference on Estuarine and
Coastal Modeling I'll, Oak Brook, IL. Anerican Society of Cvil Engineers, New
Yor k, 235-248.

The East River Mddel (ERM, which enploys the RVA-2V hydrodynani ¢ and RVA-4
wat er quality nodeling code, was used by Law er, Mutusky & Skelly Engineers to
assess water quality inpacts in conjunction with a number of prograns

adm ni stered by the New York City Departnment of Environnmental Protection. The
two nodel i ng applications described in this paper relate to (1) conbi ned sewer
overflow (CSO) effects on dissolved oxygen (DO and total coliform
concentrations, and (2) water pollution control plant (WPCP) effluent dilution
as related to whole effluent toxicity (WET) criteria. Two dye surveys at each
of the city's six WPCPs revealed that the effluent is well mxed vertically at
relatively short distances fromthe outfall. The ERM was used to sinulate the
effect of the city's 239 CSO outfalls on DO and total coliformw thin the East
Ri ver system and thereby develop a plan for CSO abatenent.

Athow, R F., Berger, R C, Heltzel, S. B., and Trawle, M J. (1986).

Predi cting Mai ntenance Dredgi ng Requirenents: A Case Study, Thinble Shoal and

El i zabeth River Channels, Norfolk, Virginia, USA. Xith Wrld Dredgi ng Congress,
Bri ghton, United Kingdom March 4-7, 1986. J. H Vol beda, V. L. van Dam N
Qost erbaan, ed., Central Dredging Association, Delft, The Netherl ands, Section
A, Part A2, Paper a, 19-33.

Descri bes how the TABS-2 nunerical nodeling systemwas used to study proposed
channel and anchorage i nprovenents for Norfol k Harbor. The noncohesive node of
t he nunerical sedinment nodel (STUDH) was used for the Thinble Shoal Study and
t he cohesive nmobde applied to the Elizabeth River study. |In both studies the
finite el ement hydrodynam ¢ nodel RMA-2V was used. Describes procedures used,
noti ng determ nation of shoaling rates.

At how, Robert F., Jr., Trawle, Mchael J., and Richards, David R  (1987).
Nureri cal Evaluation OF Training Structures. Hydraulic engineering:

Proceedi ngs of the 1987 National Conference, WIIiansburg, VA, August 3-7, 1987.
Anerican Society of Cvil Engineers, New York, 345-350.

A technique to evaluate estuarine training structure performance in reducing

| ocal i zed nai ntenance dredgi ng requirenments using the US Arny Corps of Engi neers
TABS- 2 nunerical nodeling systemis presented. An application of the two-

di mensi onal, vertically averaged nunerical nodel is denonstrated with enphasis
on high-resolution conputational grids and sedinment transport. A short reach of

the Colunbia River estuary is sinulated in the nunmerical nodel. The nodel ed
reach includes four spur dikes constructed to reduce shoaling in the adjacent
navi gati on channel. Using the nodel, shoaling rates are predicted in the

navi gati on channel with the dikes in place and then with the dikes renoved.



Berger, R C Jr. (1990). Channel WMaintenance By Training Structures: Quidance
For Nunerical Model Mesh Devel opnent, Technical Report HL-90-13, U S. Arny
Engi neer Wt erways Experinment Station, Vicksburg, M

Training structures used to control channel currents and sedi nentation, which in
t he past were designed by rules of thunb, are now frequently the subject of
nunerical nodel investigations. The precision and stability of numerical nodels
representing the shall owwater equations and transport generally are strongly

i nfluenced by the nature of the conputational nesh upon which the cal cul ations
take place. This condition is anplified by the presence of man-nmade structures
inthe flow It is therefore inperative that nesh devel opnent in the vicinity
of these structures be guided so that accurate and reliable shoaling predictions
result.

This report uses a series of sinple linear nodel equations applied in a finite
el ement framework to devel op gui dance for the nini mum nmesh expansion rate,
orientation, skewness, oscillation suppression, and bathynetric effects. While
this effort was aimed at the TABS-2 nodeling system the findings are generally
applicable to other finite elenent and finite difference nodels. Appendix A

di scusses the elimnation of oscillations in the TABS-2 program

Berger, R C. (1990). Mass Conservation In The RMA2V Code. Hydraulic

Engi neering: Proceedings of the 1990 National Conference, San Diego, CA, July
30-31, 1990. Anerican Society of Cvil Engineers, Boston Society of Civi

Engi neers Section, Boston, MA, 2, 873-878.

Thi s paper discusses the RVA2V hydrodynanic code with a particular interest in
mass conservation problenms. These originate fromat |east two sources. One of
which is the slip flow boundary specification in which the boundary sl opes are
not continuous and the second is due to the fornmulation itself. The severity of
these problens is estinated and recommendati ons nade to inprove the nodel
behavi or .

Berger, R C., MAdory, R T., Martin, W D., and Schmdt, J. H (1995).
Houst on- Gal vest on Navi gati on Channels, Texas Project; Report 3: Three-

Di mensi onal Hydrodynam ¢ Model Verification, Technical Report HL-92-7, U S. Arny
Engi neer Wt erways Experinment Station, Vicksburg, M

This report describes the verification results of the three-dinensional (3-D)
hydr odynam ¢ nodel used to evaluate tides, current velocities, and salinities in
Gal veston Bay, Texas. This is the third in a series of reports concerning the
Houst on- Gal vest on Navi gati on Channels. The goal of these reports is to
determ ne the effect of the proposed channel deepening and wi deni ng upon tides,
currents, salinities, and navigation. Report 1 describes the field data
collection and results, Report 2 presents the two-di mensi onal nunerical nodeling
of hydrodynanics for a navigation study, Report 3 presents the verification
description for the 3-D nodel, and Report 4 details the results of tests of the
3- D nodel .

This report first describes the 3-D nodel program RMALO-WES, which is a finite
el ement code using mxed quadratic and |inear Lagrange polynom als. The

remai nder of the report reveals the denmonstration of the nodel applicability

t hrough the verification procedure. This procedure of adjustnent and
verification was first a conparison to a short series of data with a series of
adjustnents in bed roughness. Then the nodel was run with no adjustnent over a
peri od of roughly 6 nonths in conparison to field data from 19 July 1990 to 15
January 1991. This period includes the time following a major flood in the



Gal veston Bay system for which the nodel reproduces the timng and nagnitude of
the salinity rebound very well. Conparisons of nodel performance are drawn
qualitatively between the nodel and description of the Bay in the literature,
and also quantitatively with the field data recorded for this study.

Berger, R C., Jr., Heltzel, Sanuel B., Athow, Robert F., Jr., Richards, David
R, Traw e, Mchael J. (1985), Norfol k Harbor And Channel s Deepeni ng Study;
Report 2, Sedinmentation Investigation; Chesapeake Bay Hydraulic Mde

I nvestigation, Technical Report HL-83-13, U.S. Arny Engi neer \Waterways

Experi ment Station, Vicksburg, M

This report presents the sedinmentation findings from conbi ned physical and
nunerical nodel tests (hybrid nodeling) of deepening the approach channels to
Nor fol k and Newport News, VA Because of the varying nature of shoal ed naterial
al ong the project navigation channel, the tests included two separate nunerica
sedi nent transport nodels, which were referred to as the Thinble Shoal nodel and
the Elizabeth River nodel. The sedinment along the Thinble Shoal portion of the
navi gati on channel consists predom nantly of noncohesive material while the

sedi nent along the Elizabeth R ver portion of the navigation project consists
primarily of clays and silts. Sedinmentation in a third portion of the overal
project, referred to as the Atlantic Ocean Channel, was eval uated anal ytically
wi t hout using a nunerical sedinment transport nodel.

Based on sedinentation results fromthe Elizabeth R ver numerical nodel, the

i ncrease in shoaling caused by channel deepening as proposed will be 23 percent.
The distribution of shoaled material will not be significantly altered, other
than a slight increase in skewness toward the downstream end.

Based on sedinentation results fromthe Thi nbl e Shoal nunerical nodel, the

i ncrease in shoaling caused by channel deepening as proposed will be about 20
percent. The distribution of shoaled material will be slightly altered in that
both the upper and | ower channel shoaling peaks which presently exist will tend
to mgrate even nore toward the ends of the dredged channel

Based on the analytic analysis, the estimate of shoaling for the new Atlantic
Ccean Channel is about 200,000 cu yd annually.

Berger, R C, MAdory, Robert T., Schmidt, Joseph H., Martin, WIlliamD., and
Hauck, Larry H  (1995). Houston-Gal veston Navigation Channels, Texas Project;
Report 4, Three-Di nensional Nunerical Mdeling O Hydrodynamcs And Salinity,
Techni cal Report HL-92-7, U S. Arny Engi neer Waterways Experinent Station

Vi cksburg, M.

This report describes the testing program conducted to evaluate the inpact of

enl argenent of the Houston-Gal veston Navi gati on Channel on the salinity and
hydrodynamic fields of tidally influenced Gal veston Bay. The present channe

nom nal di nensions are 40 ft deep at nmean | ow water (mw and 400 ft wide. The
proposed enl argenments tested are for a channel 45 ft deep at mw and 530 ft w de
(Phase I) and 50 ft deep and 600 ft wide (Phase Il). Current plans do not

i nclude the Phase Il enlargenent. Salinity fields for these channe
configurations and the existing channel dinensions are conpared. |n a separate
study the results fromthese simulations were used to drive an ecosystem nodel
to predict oyster production

Testing conditions included tidal conditions and winds for the year 1984. The
freshwater inflows (devel oped outside this study) were tested for



low, nmedium, and high-flow years. Additionally, since water denand in the
future is expected to nodify freshwater distribution and quantities, future
distributions for the test year 1999 (Wallisville Damin place), 2024, and

The code used (RMAL0-WES) is a Gl erkin-based finite elenent solution to
simul ate three-dinensional (3-D) unsteady open-channel flow. The code
represents 3-D hydrodynani cs using conservation of fluid nass, horizontal
nmonentum and salinity/tenperature transport equations subject to the
hydrostatic assunpti on.

Results of these tests showed that the largest increases in salinity were in
lowsalinity areas, including the upper west side of the bay across the channe
from At ki nson |Island, and the upper bay channel. Trinity Bay showed a small
salinity increase. South of mdbay the salinity increases were generally |ess
than 1 ppt. Sone locations in the south bay near the navigation channe
occasionally showed a decrease in salinity for the deeper channe
configurations. These decreases occurred during the period of rebound in
salinity after the high inflow period of |late spring.

The deepened channel s showed increased salinity stratification. The
stratification increased with channel project depths and with freshwater inflow
in the Buffal o Bayou/ San Jaci nto Ri ver Basin.

The future hydrol ogic scenarios result in nore freshwater inflow to Gal veston
Bay through Buffal o Bayou and San Jacinto River. The deepened channel s
typically resulted in less significant salinity increases in the scenarios than
for the present hydrol ogic year (1990). These future scenarios redistribute
some of the freshwater inflow fromthe Trinity River and reintroduce it through
Buf fal o Bayou and San Jacinto River. The nodel indicates a correspondi ng
increase in salinity in Trinity Bay and decrease in the eastern upper bay
salinity.

Berger, R C, and Stockstill, R L. (1995). Finite-El ement Mdel for Hi gh-
Vel ocity Channels, Journal of Hydraulic Engineering, American Society of Civil
Engi neers, ISSN 0733-9429/95/0010-0710-0716.

Nureri cal nodel ers of high-velocity channels are faced with supercritica
transitions and the difficulty in capturing discontinuities in the flow field,
known as hydraulic junps. The inplied snoothness of a nunerical scheme can
produce fictitious oscillations near these junp |locations and can lead to
instability. It is also inportant that the discrete nunerical operations
preserve the Ranki ne-Hugoni ot conditions and accurately nodel junmp speed and

| ocation. The geonetric conplexity of high-velocity channels with bridge piers
and service ranps are easily represented using an unstructured nodel. A two-

di nensional finite-elenent nodel that utilizes a characteristic based Petrov-
Gal erkin met hod and a shock-detection nechanism which relies on el emental
energy variation results in a robust systemto nodel high-velocity channels.
Conpari sons are nmade between anal ytic shock-speed results, published |aboratory
data of a lateral contraction, and with a nore general physical nodel.

Berger, R C., and Stockstill, R L. (1994). Consi derations in 2-D Mdeling
of Hydraulically Steep Flow, Proceedings of the 1994 National Conference on
Hydraul i ¢ Engi neering, Anmerican Society of Civil Engineering.

Sinplifications in the equations used to describe shallow water flow lead to

sone difficulties in nodeling supercritical flow. The hydrostatic assunption
produces two significant differences fromthe actual flow, in that the nodel s
wave celerity is too large and that the energy associated with vertical notion



is dissipated instantly. These differences |ead to standing waves that protrude
into the flow at a greater angle than those produced by the actual flow and a
tendency to di ssipate succeedi ng waves too quickly.

Berger, R C., and Stockstill, R L. (1993). A 2-D Nunerical Mdel for High
Vel ocity Channels, Proceedi ngs of the 1993 Nati onal Conference on Hydraulic
Engi neering, American Society of Civil Engineers.

The hydraulic performance of a high velocity channel depends on naintaining a
supercritical flow regime over specified portions of its length. Predicting the
potential |ocation of shocks such as oblique standi ng waves and hydraulic junps
and determ ning the super-elevation of the water surface in channel bends is
necessary to design the required wall heights. Wrk is being conducted to
devel op a nunerical flow nbdel that can estinmate the |ocation and velocity
channels. The high velocity channel nodel, H VEL2D, is a depth averaged two-

di mensional (2-D) flow nodel designed specifically for flow fields containing
supercritical and sub-critical regines as well as the transitions between the
regi mes. This paper sunmarizes the numerical scheme and presents sone of the
initial test results of H VEL2D, currently under devel opnent at the U S. Arny
Engi neer Wt erways Experinment Station.

Berger, RC  (1994). A Finite Element Moddel Application to a Study of
Circulation and Salinity Intrusion in Gal veston Bay, Texas, Finite Elenents in
Envi ronment al Probl ens.

No Abstract

Cheram e, Kirk. (1995). Hydrologic Mddeling OF Fresh Water Resources. Coastal
Zone: Proceedi ngs of the Synposium on Coastal and Ocean managenent, Tanmpa, FL
Anerican Society of Cvil Engineers, New York, 294-295,

Thi s paper specifically identifies the TABS-MD nodel designed by the U S. Arny
Cor ps of Engineers, Waterways Experinment Station as an effective managenment too
for efficiently supplying raw fresh water resources to coastal comunities.
Through the use of the TABS-MD conputer nodel, the Bayou Lafourche Fresh Water
District, a state political sub-district, is able to adequately supply fresh
water to eight percent of the popul ation of Louisiana. The nodel incorporates
boundary conditions such as tidal range, stage, velocity and constituent
concentrations within Bayou Lafourche, a 110 mle fresh water channel between
the M ssissippi River and the Gulf of Mexico. By setting boundary conditions
and executing the nodel, nanagenment can deci de upon the quantity of fresh water
that rmust be punped into Bayou Lafourche at its headwaters in order to regul ate
salinity concentrations at fresh water intakes at its southern nost |ocations.
By accurately determ ning the anbunt of fresh water required to of fset saltwater
intrusion, the expenditure of public tax dollars on electricity and fuel for
fresh water punps are better estimated, yielding savings to the public while at
the sane tine insuring an adequate fresh water supply.

Col enan, Wesley E., Jr. (1992). A Chesapeake Bay Field Mdeling And Mnitoring
Projects. Coastal engineering practice 1992, Long Beach, CA, March 9-11, 1992.
Anerican Society of Cvil Engineering, New York, 221-233.

"Traditional' erosion control neasures often do not nmeet the Corps of Engineers
requi renent for economic justification. The costs of these neasures are nuch
greater than the benefits provided. The costs are also prohibitive to property
owners seeking shoreline protection. The Chesapeake Bay Shoreline Erosion Study
has provided information for designing offshore breakwaters nore cost-



effectively to encourage inplenentation of these neasures in the interest of
Bay-w de i nprovenent. Offshore breakwaters were installed at two | ocations in
the Bay, and their performance was nonitored.

Cones, Bradley M, Copeland, Ronald R, and Thomas, WIlliamA  (1989). Red
Ri ver Waterway, John H Overton Lock and Dam Report 5, Sedinentation In Lock
Approaches; TABS-2 Nunerical Mdel Investigation, Technical Report HL-89-16,

U S. Arny Engi neer Waterways Experiment Station, Vicksburg, M

A two-di nensi onal nunerical nodel, TABS-2, was used to predict fine sedinent
deposition in the | ock approach channel s upstream and downstream fromthe John
H. Overton Lock and Dam on the Red Ri ver WAterway, Louisiana. The nunerical
nodel was used to evaluate the effects of various design changes on fine

sedi nent deposition. These included changing the

| ength and hei ght of divider dikes, the nunber of openings on the ported guard
wal I, the invert elevation in the | ock approach channel, and the |ocation of
spur dikes.

Copel and, Ronald R, and Thonas, WIlliam A  (1988). Red Ri ver Waterway
Sedi nent ati on Study Downstream From Lock and Dam No. 1; Numerical Mde

I nvestigation, Technical Report HL-88-15, U.S. Arny Engi neer \Waterways
Experiment Station, Vicksburg, M

The effect of recently constructed and proposed channel inprovenents on

sedi mentation in the Red River downstream from Lock and Dam No. 1 were

i nvestigated. A one-dinensional nunerical nodel (HEC-6) was used to eval uate
the effect of contraction works on dredging requirenents in the navigation
channel . A two-di mensi onal nunerical nodel (TABS-2) was used to eval uate
proposal s to reduce deposition in the downstream | ock approach channel at Lock
and Dam No. 1. Reconmendations were made to reduce sedi nent problens in the
study reach.

Copel and, Ronald R, Conmes, Bradley M, and Thomas, WIliamA. (1991). Red
Ri ver Waterway, Lock and Dam No. 3; Report 5, Sedinentation In Lock Approaches;
TABS-2 Nunerical Model |nvestigation, Technical Report HL-91-10, U S. Arny

Engi neer Wat erways Experinment Station, Vicksburg, M

A two-di nensi onal numerical nmodel, TABS-2, was used to predict fine sedinment
deposition in the | ock approach channel s upstream and downstream from Lock and
Dam No. 3 on the Red River Waterway, Louisiana. The nunerical nodel was used to
eval uate the effects of various design changes on fine sedi nent deposition

These included the cross-section shape in the upstream | ock approach channel

t he di stance between the |l ock wall and the first spillway gate, the nunber of

openings in the ported guard wall, and |l ocation of a bermin the upstream
channel
Copel and, Ronald R, Heath, Ronald E., and Thomas, WIlliamA. (1990). Red

Ri ver Waterway, Lock and Dam No. 4; Report 5, Sedinentation In Lock Approaches;
TABS-2 Nunerical Mdel |nvestigation, Technical Report HL-90-2, U S. Arny
Engi neer Wat erways Experinment Station, Vicksburg, M

A two-di nensi onal numerical nmodel, TABS-2, was used to predict fine sedinment
deposition in the | ock approach channel s upstream and downstream from proposed
Lock and Dam No. 4 on the Red R ver Waterway, Louisiana. The nunerical nodel
was used to evaluate alternative designs. Fine sedinment deposition with the
proposed design at Lock and Dam No. 4 was conpared to fine sedi nent deposition
at existing |ocks and dams downstream



Copel and, Ronald R, Conmbs, Phil, and Little, Charles D. (1989). Application
O 2-D Model To Reduce Sedinentation Problens. Sedinment Transport Mdeling:
Proceedi ngs of the International Synposium New Ol eans, LA, August 14-18, 1989.
Anerican Society of Cvil Engineers, New York, 124-129.

The Corps of Engi neers opened Lock and Dam No. 1 on the Red River Waterway in
1984. During the first runoff season, excessive quantities of fine sediment
deposited in both the upstream and downstream | ock approach channels. Two-

di mensi onal nunerical nodel studies using the TABS-2 conputer prograns were
conducted to determ ne renedial measures to significantly reduce hydraulic
dredgi ng, especially in the vicinity of the lock niter gates. This paper
addresses the studies and eval uates the effectiveness of the construction
neasur es.

Deering, Mchael K. (1990). Practical Applications of 2-D Hydrodynanic
Model i ng. Hydraulic Engineering: Proceedings of the 1990 National Conference,
San Di ego, CA, July 30-31, 1990. Anerican Society of Civil Engineers, Boston
Society of Civil Engineers Section, Boston, MA, 2, 755-760.

Two- di nensi onal hydrodynam ¢ nodel i ng capability has greatly inpacted the
hydraulics conmunity and significantly altered the approaches to design and
anal ysi s of open channel systens. Two-di nensional nodeling has the potential
for elimnating over sinplified assunptions associ ated wi th one-di nensi ona
nodeling. |In sonme cases it nmay negate the need for physical nodel studies.
Fi ve case studi es that enpl oyed two-di nensional hydrodynam ¢ net hods are
present ed

Dem ssi e, M sganaw, Soong, David, and Bhownmi k, Nani G  (1988). Hydraulic Study
For The Construction OF Artificial Islands In Peoria Lake, Illinois. Hydraulic
engi neering: Proceedings of the 1988 National Conference on Hydraulic

Engi neering, Col orado Springs, CO August 8-12, 1988. Anmerican Society of Civil
Engi neers, New York, 340-345.

Long-term sedi ment accurmul ation in the | ake reduced the average depth of the

| ake from8 feet in 1903 to 2.6 feet in 1985, which resulted in the
deterioration of aquatic habitats and recreational areas in the [ake. A
detail ed hydraulic anal ysis was needed to evaluate the feasibility creating

i slands in Peoria Lake. The mmjor hydraulic considerations include determ ning
the optimum | ocations for the islands in terns of mninmzing the sedi nentation
rates around the islands. A hydraulic study was conducted to investigate the
best locations for constructing islands in the | ake. The study made use of the
one-di mensi onal HEC-6 sedi ment transport nodel and the two-di nensional TABS-2
hydr odynam ¢ nodel. Field data were also collected to establish existing | ake-
bottom profiles and velocity distributions at selected | ocations.

Donnel I, Barbara Park, and Letter, Joseph V. Jr. (1992). The Atchafal aya Ri ver
Delta, Report 12, Two-Di nensional Mdeling O Alternative Plans And | npacts On
The Atchafal aya Bay And Terrebonne Marshes, Technical Report HL-82-15, U S. Arny
Engi neer Wat erways Experinment Station, Vicksburg, M

The Wax Lake Qutlet and Atchafal aya River deltas in Louisiana have grown
dramatically, and concern over the inpact of this growh has led the US Arny
Cor ps of Engineers to conduct an investigation to predict how the deltas wll
evol ve over the next 50 years. An additional task was to determ ne the inpacts
of that growth on navigation, flood control, salinity, and sedinentation in the
bay area. The technical approach for this investigation builds upon the TABS-2



finite elenment nunerical nodeling systemand is fully described in Report 11 of
this series. Conparisons of the existing condition results with various
alternatives are presented. |In summary, the extension of the Avoca |sland Levee
to Deer Island (Reach 2) resulted in an approxi mate 8 percent increase in the
predicted size of the 50-year delta evolution regardless of other constraints
tested. For all alternatives tested, the size of the 50-year subaerial delta
fell within the bounds of 56 to 144 square miles. The nost extreme delta

evol ution sinulation tested was the condition w thout the Wax Lake Qutlet flow
control project, no navigation channel dredging, and no | evee extension. For

all delta evolution sinulations tested, the water surface elevations within area
east of the levee increased from3.4 to 6.0 ft by year 2030. |In each case
tested, the Avoca |sland Levee Extension to Reach 2 decreased the backwat er

ef fect of the 50-year delta by approximately 2 ft.

Donnel |, Barbara Park, Letter, Joseph V. Jr., and Teeter, Allen M (1991). The
At chaf al aya River Delta, Report 11, Two-Di nmensi onal Modeling, Technical Report
HL- 82-15, U.S. Arny Engi neer \Waterways Experinment Station, Vicksburg, M

The Wax Lake Qutlet and Atchafal aya River deltas in Louisiana have grown
dramatically, and concern over the inpact of this growh has |led the US Arny
Cor ps of Engineers to conduct an investigation to predict how the deltas wll
evol ve over the next 50 years. The goal was to design a series of nopdeling
tool s capabl e of predicting delta evolution and the inpacts of that growth on
navi gation, flood control, salinity, and sedinentation. The technical approach
for this investigation was built upon the TABS-2 finite el ement nodeling system
The fully two-di nensional nmodels for hydrodynanmics, salinity, and sedi ment
transport were first verified to extensive prototype data, the enployed to
predict delta evolution for existing conditions at years 1980, 1995, 2010, and
2030 within the project area. Subsidence estinates for the system were nade by
regression of historical water-surface el evati on gagi ng stations.

Donnel I, Barbara Park, and Letter, Joseph V. Jr. (1992). The Atchafal aya Ri ver
Delta, Report 13, Summary Report O Delta Growth Predictions, Technical Report
HL-82-15, U.S. Arny Engi neer Waterways Experinment Station, Vicksburg, M

Coastal Louisiana is experiencing dramatic and alarming |land |oss. The
exception to this general trend is the Atchafal aya River delta, which has been
experiencing dramatic deltaic growh during the past 20 years. This deltaic
activity can be viewed as both a resource for devel opment of coastal wetl ands
and as a threat for potentially aggravating flooding in comunities upstream of
the delta. 1In response to these concerns, the Corps of Engineers is conducting
a thorough investigation to predict how the delta will evolve over the next 50
years, the inpacts of the growth and the effectiveness of structures for
controlling detrinental results. The investigation approach used severa

anal ytical and nunerical techniques applied separately to arrive at independent
predi ctions of delta growmh. The approach was arranged to provide results from
i ncreasingly sophisticated techni ques over the period 1980-1989. Each of the
techni ques are sunmari zed and conpari sons are nmade. The techni ques incl uded:
anal ytical nodel, regression/extrapolation analysis of past behavior, generic
analysis of simlar delta’s growh patterns, a quasi-two-di nensi onal nunerica
nodel, and TABS two-di mensi onal nunerical nodel. The results fromthese

techni ques indicated a w de possible range of 32 to 149 square nmiles of sub-
aerial delta for year 2030. A regression analysis of all of these results
predicted the sub-aerial delta area to peak at year 2035 with 89 square ml es.



Evans, Robert A (1992). Lockwoods Folly Numerical Circul ati on Study,
Techni cal Report HL-92-2, U S. Arnmy Engi neer \Waterways Experinent Station
Vi cksburg, M.

The regi on around Lockwoods Folly River and Inlet, North Carolina, has
experienced increased devel opment in the past 50 years. |In addition, the inlet
has been changed by the addition of the Atlantic Intracoastal Waterway (Al WY .
There have been concerns that the circulation is not sufficient to maintain good
wat er quality. These concerns |led the US Arny Corps of Engineers to conduct an
i nvestigation to determne the effect of the AIWWVon overall circulation
patterns. The technical approach for this investigation was built upon the
TABS-MD finite el ement nodeling system The two-di mensi onal nodel for

hydr odynam cs was first validated to linited prototype data, then used in
conjunction with the transport nodel to predict the changes in tracer |evels
bet ween the base condition and three plan conditions.

Fagerburg, T. L. (1990). Mssissippi River-@ulf Qutlet, Louisiana, Field Data
Report, Technical Report HL-90-7, U S. Arnmy Engi neer \Waterways Experi nment
Station, Vicksburg, M

Water | evels, current speeds and directions, salinities, and suspended sedi nment
concentrati ons were neasured in the Mssissippi River-Gulf Qutlet Canal, New
Oleans, LA, in Cctober and November 1988. The prototype data were collected as
part of a study to incorporate these data in a nunerical nodel for determ nation
of shoaling rates. This report describes the equi pnent and procedures used in
the data acquisition and presents tables, plots, and sumaries of all the data
col | ect ed.

Attenpts to correlate ground truth suspended sedinent data with the satellite
data were unsuccessful due to cloud cover during the periods data were obtained.

Fi schenich, J. Craig. (1990). Cunulative Inpacts Analysis On A Mdwest Fluvial
System Hydraulic Engineering: Proceedings of the 1990 Nati onal Conference,
San Di ego, CA, July 30-31, 1990. Anerican Society of Civil Engineers, Boston
Society of Civil Engineers Section, Boston, MA 2, 802-807.

The US Arny Corps of Engineers recently conpleted an analysis of the cunul ative
i mpacts of erosion control structures on the Platte River in Nebraska. This was
done in response to concerns about the effects of bank stabilization activities
upon t hreatened and endangered species that use the Platte River. Physica
changes to the river generated by existing and proposed bank stabilization
activities were evaluated to determnmine the environmental significance of various
bank stabilization structures. HEC 6, a one-di nensional sedinment transport
nodel , was used to quantify cumul ative inpacts from bank stabilization
activities for the entire river. TABS-2, a two-dinensional sedinent transport
nodel , was used to quantify local inmpacts froma variety of structures

Ford, R d enn, Sobey, Rodney J., Shrestha, Parneshwar L., Saviz, Canilla M,
Olob, Gerald T., King, lan P. (1993). San Francisco Bay and Delta G| Spil
Fate Studies. Part II: QI Spill Sinulation. Proceedings, National Conference
on Hydraul i c Engi neering, San Francisco, CA. Anerican Society of Civi

Engi neers, New York, 641-646.

Because of the presence of oil refineries and significant tanker and barge
traffic in the bay and delta region, the possibility of a noderate or nmjor
spill in the area nust be considered. W have constructed a general nobdel that
cal cul ates a Lagrangian el ement solution for an oil spill in this region



Surface currents are simnmulated using output fromthe U C. David RVA-2V nodel .

W conbi ne the surface current fields with real tinme sequences of wi nd speed and
direction collected at eight sites in the bay and delta areas during 1990 and
1991 interpolated to forma snooth spatially varying wind field. A random

di ffusi ve conponent is added to sinulate spreading. The nagnitude of the

di ffusi ve conponent and the nunber of Lagrangi an elenments are adjusted to
simulate spills of varying sizes. Characterization of intertidal substrates in
this area is based on 1:24,000 scale digital naps and the National Wetlands
Inventory. QO particles are not pernitted to cross exposed nud or narsh, or
they are assumed to strand if they are already over these substrates as the tide
ebbs. The nmodel is witten in ANSI FORTRAN/7 and runs in protected node on a
486 based PC. It includes high resolution runtine graphics and an interactive
interface that pernits the user to pause and query the nodel.

Freeman, Gary, and Weissinger, Lisa. (1991). TABS-2 Application To Kawai nui
Marsh Flood Control. Proceedings of the 1991 National Conference on Hydraulic
Engi neering, Nashville, TN, July 29-August 2, 1991. American Society of Cvil
Engi neers, New York, 292-297.

The TABS-2 mat hemati cal nodeling system was used to eval uate the effectiveness
of alternatives designed to elimnate fl ooding problens in the Kawai nui Marsh
| ocated in Kailua on the east side of the island of Gahu, Hawaii. The study
requi red uni que applications of the TABS-2 nodeling system The verification
required altering the nunerical code to nodel free flow over the existing
Federal |y constructed flood control |evee which overtopped during the 31
Decenber 1987 storm event and caused extensive damage to the conmunity of
Coconut Grove. One of the alternative plans consisted of placing a series of 15
culverts in the existing levee in order to drain the marsh fl oodwaters into an
extension of the Oneawa channel and release theminto the Pacific Ccean. This
alternative required the addition of culvert nodeling capability to the TABS-2
nunerical code. These two applications were further exacerbated by the

requi renent to use dynamic flow sinmulations in order to accurately nodel the
ef fects of various hydrographs. The nodeling techni ques enpl oyed and vari ous
nodel results are presented

Granat, Mtchell A, and Brogdon, Noble J. (1990). Cunberland Sound and Ki ngs
Bay Pre-Trident and Basic Trident Channel Hydrodynani c and Sedi nent Transport
Hybrid Modeling; Volune |: Miin Text and Appendi xes A, C, and D, Technica

Report HL-90-21, U S. Arny Engi neer Waterways Experinent Station, Vicksburg, Ms.

A previously verified hybrid nodeling system (coupl ed physical and nunerica
nodel s) of the Kings Bay/Cunberland Sound estuarine systemwas used to

i nvestigate hydrodynam ¢ and sedi nentation variations associated with Trident
channel expansion. The nodels generally denonstrated snmall velocity differences
bet ween the pre-Trident base channel condition and the enlarged Trident channe
condition tested. Reduced velocity nagnitudes in the deepened upper Kings Bay
turni ng basin denonstrated the |argest base-to-plan velocity differences.

Subtle circulation differences were identified. The deepened and w dened
Trident plan channel increased flood and ebb vol une transport efficiency of the
submari ne channel through St. Marys Inlet into Cunberland Sound and Ki ngs Bay.

I ncreased di scharge through the past Kings Bay changed the phasing rel ati onshi ps
north of Kings Bay.

Al t hough not an explicit objective of the nodeling efforts, tidal effects were
exam ned. The tested plan condition resulted in higher high water and mdtide
| evel elevations in both the physical and nunerical nodels. Variations were



close to, but greater than, nodel detection linits. Lowwater elevations

bet ween the nodel s were inconsistent. Based on nore recent field data, it was
concluded that tide range will probably not change as a result of Trident
channel inprovenents, and nean water |evel in Cunberland Sound may increase a
smal | anpunt, |ess than the normal annual variation in nean sea |evel

The subtl e base-to-plan hydrodynamni c differences and the increased plan channe
areas resulted in dramatic sedi mentation responses. The nunerical nodel

predi ctions indicated a 150 percent increase in required annual plan channe

mai nt enance dredgi ng. Based on previous shoaling history and this study's
findings, the typical annual plan channel mai ntenance dredgi ng requirenent is
predicted to vary froma |low of about 0.9 nmillion cubic yards per year to a high
of about 4.9 million cubic yards per year. The |ong-term average subnarine
channel nmintenance is predicted to increase fromapproximately 1.0 mllion
cubic yards per year for pre-Trident channel conditions to approximtely 2.5
mllion cubic yards per year for the Trident channel condition

Granat, Mtchell A, Brogdon, Noble J., Cartwight, John T., and MAnally,
WlliamH., Jr. (1989). Verification O The Hydrodynanic And Sedi ment
Transport Hybrid Mdeling System For Cumberl and Sound and Ki ngs Bay Navigation
Channel , Georgia, Technical Report HL-89-14, U S. Arny Engi neer Waterways
Experiment Station, Vicksburg, M

A hybrid nodel i ng system (coupl ed physical and nunerical nodels) was devel oped
to investigate the hydrodynan c and sedi nentati on processes of Cunberland Sound
and the interior Kings Bay navigation channel. The hybrid nodeling procedures
and the physical and numerical nodel verifications are described in detail.

The Ki ngs Bay physical nodel was an accurately scal ed fixed-bed concrete nodel

of the Cunberland Sound/ Ki ngs Bay estuarine system The physical nodel provided
t he means of assessing three-di nensional hydrodynam ¢ characteristics of
Cunber | and Sound and Kings Bay. It also provided the boundary forcing
conditions for the numerical nodel and an expanded database for conparison
Verification of the physical nodel to reproduce pre-Trident channel field
nmeasurenents col |l ected during Novenber 1982 and transitional channel conditions
measured during January 1985 was denonstrat ed.

The ot her component of the nodeling systemwas the US Arny Corps of Engi neers
CGeneral i zed Conputer Program System Open-Channel Flow and Sedi nmentati on, TABS-
2. TABS-2 is a conplete depth-averaged finite el ement nunerical nodeling
system The nunerical hydrodynam ¢ nodel RMA-2V used physical nodel -derived St
Marys Inlet water levels and tributary velocity neasurenents for the boundary
forcing conditions for an average tidal cycle. The numerical nodel was verified
to physical nodel tidal elevations and depth-averaged velocity data for interior
| ocati ons.

A wetting and drying algorithmwas used to nunerically nodel the extensive marsh
and inter-tidal areas of the estuarine system Marsh-estuarine circul ation

i nteraction and prescribed marsh el evation were found to be inmportant in

achi evi ng proper hydrodynani c reproducti on. Three separate nunerical nodel
schenmati zations or nmeshes of the Cunberland Sound system were verified as the
submari ne channel evolved in detail. RMA-2V denonstrated reasonable
reproduction of pre-Trident and transitional channel hydrodynanic conditions for
t he Cunberl and Sound/ Ki ngs Bay system

Hydrodynanmic results from RVA-2V were used in the nunerical sedinent transport
code STUDH in nodeling the interaction of the flow transport and sedi nentation
on the bed. Both cohesive (clay and silt) and noncohesive (silt and sand)



sedi nentati on were nodel ed. STUDH was verified through conmpari sons of nodel
predictions with actual field shoaling rates. Excellent numerical nodel pre-
Trident channel sedinment verification was denonstrated. Mbdel predictions for
t he upper Trident channel turning basin for the transitional channe
denonstrated higher shoaling rates than the Iinmted field data. Possible
expl anations for this difference included low field sedi nent | oads associ at ed
with the prol onged east coast drought, the transitional nature of the channel
and the possible need for further nodel adjustnents. The sedi nent nodel was
devel oped and verified for |ong-termaverage conditions, and additional nodel
adj ustnments could not be justified based on the limted transitional channe
dat a.

Verification of the hydrodynam ¢ and sedi ment transport hybrid nodeling system
for Cunberland Sound and Ki ngs Bay navi gati on channel has been denonstrat ed.
The devel oped nodeling procedures can be used in carefully designed testing
prograns to assess potential hydrodynam ¢ and sedi mentation inpacts associ ated
wi th submarine plan channel and renedial nmeasure alternatives.

Hall, Brad R, and Engel, John (1995). Modeling O Sedinentation Processes In
A Bottoml and Hardwood Wetl and. Proceedi ngs, International Water Resources

Engi neering Conference, San Antonio, TX. Anerican Society of Civil Engineers,
New York, 1, 94-98.

For several years, the US Arnmy Engi neer Waterways Experinent Station has

noni tored several physical and biol ogi cal paraneters on the Rex Hancock Swanp on
the Cache River for ecosystens nodeling purposes. Measurenents of suspended
sedi ment grain size, concentration, and deposition quantities within the wetland
system were obtai ned. Boundary conditions and overall sediment budget for the
wet |l and were identified by sanpling daily suspended sedi nent | oads at the
upstream and downstream linits of the wetland system The data obtai ned were
then used to develop and test a TABS-MD nunerical nodel of the wetland system

Hauck, Larry M (1992). Hydrodynamics At Muth of Col orado River, Texas,
Project; Nunerical Moddel |nvestigation, Technical Report HL-92-11, U S. Arny
Engi neer Wt erways Experinment Station, Vicksburg, M

The Mouth of Col orado, Texas, Project includes a diversion channel of the

Col orado River into the eastern arm of Matagorda Bay, a damon the present

Col orado Ri ver channel downstream of the diversion channel, a dam at Cul ver Cut,
and a navigation bypass channel fromthe GQulf of Mexico to the city of

Mat agorda, TX. The project will create an intersection of the Gulf Intracoastal
Waterway (G WN with the navigation bypass channel, which is the enphasis

of this study. The freshwater flow diversion is expected to alter existing
current patterns and tidal propagation in an area with navigational and
recreational concerns.

The US Arny Engi neer District, Galveston, required that prelimnary results from
st eady-state numnerical simnulations be produced initially and be foll owed by
field investigations and | ong-term dynani c nunerical simulations of
hydrodynamics. Both the field data collection effort and the ship sinmulation
study are described in separate reports.

This report describes the hydrodynanic steady-state prelimnary results,
verifications to prototype neasurenents, and long-termtidally influenced
simul ati ons using the vertically integrated two-dimensional nunerical nodel,
RVA- 2V.



Hauck, Larry M, and Brown, Ben, Jr. (1990). Numerical Modeling O

Hydr odynamni cs, Brazos |sland Harbor Project, Texas (Brownsville Ship Channel),
Techni cal Report HL-90-5, U. S. Armmy Engi neer Waterways Experinent Station

Vi cksburg, M

The Brazos |sland Harbor Project, south Texas, has been authorized for

navi gati on channel inprovenents, which include deepening the Brownsville Ship
Channel . A vertically integrated two-di mensional numerical nmodel RVA- 2V is
bei ng used to sinmulate the Brownsville Ship Channel and the | ower Laguna Madre.
RMA- 2V was used to produce the hydrodynanics (water |evels and velocities) for
existing and three alternative channel designs. These hydrodynanic conditions
were used in a ship simulator study. Historical velocity (direction and speed)
nmeasurenents taken at approximately hourly intervals during the period 15-18
July 1980 at several stations were used to verify RMA-2V. Water |eve
measurenents from4 tide gages were available for the same period to facilitate
nodel verification. Because the Laguna Madre exhibits |arge response to wi nd
forcing, sone of the inaccuracies in water level verification were suspected to
be the result of the sparsity of wind speed and direction data in the prototype
system for the nodel verification. The verified RVA-2V nodel was operated with a
hi gh anplitude diurnal (spring) tide with a tenporally varying southeast w nd at
4 to 20 nph. The wind was phased to increase both the ebb and flow velocities.
Wth these tidal and wind conditions, RVA-2V simulated the hydrodynam cs for

exi sting and 3 alternative channel designs. The peak ebb and flood currents for
each design were saved as conputer files for use in a separate ship simnulator

st udy.

Hauck, Larry M, Teeter, Allen M, Pankow, Walter, and Evans, Robert A, Jr.
(1990). San Francisco Central Bay Suspended Sedi nent Movenent; Report 1, Summer
Condition Data Coll ection Program And Nurerical Mdel Verification, Technica
Report HL-90-6, U.S. Arny Engi neer Waterways Experinent Station, Vicksburg, M.

Field data were collected on currents, salinities, and suspended sedi nents

i ntensively over a lunar day and sporadically over a fortnight in Septenber 1988
for the purpose of identifying transport processes and conditions in central San
Franci sco Bay and for nunerical nodel verification. Conditions were typical of
a low freshwater inflow sumrer season in this area. A two-dinmensiona

hori zontal finite elenment nodel was applied and verified to field and physica
hydraul i c nodel data. The nodel is intended for future long-termstudies of the
fate of dredged material dispersed fromthe Al catraz disposal site.

Heat h, Ronald E., and Copeland Ronald R (1989). Application O Two-

Di mensi onal Mddel To Predict Fine Sediment Deposition. Sedinment Transport
Model i ng:  Proceedi ngs of the International Synposium New Ol eans, LA, August
14-18, 1989. Anerican Society of Civil Engineers, New York, 118-123.

The TABS-2 two-di nensional nunerical nodeling systemwas used to predict the
potential for fine sedinent deposition in the | ock approach channels at Lock and
Dam Nos. 4 and 5 on the Red River near Shreveport, Louisiana. This paper
outlines the nunerical nodeling study procedure devel oped during the Red R ver
navi gation study with specific application at Lock and Dam Nos. 4 and 5. The
paper describes the inportance of hydrodynam c boundary conditions, sedinment
concentrations and sizes, and flow durations. The two-di nensional nunerical
nodel was very effective for evaluating specific design alteration and their
effect on fine sediment deposition in the upstream an downstream | ock approach
channel s.



Heltzel, S. B. (1985). The Inpact O The |1-664 Bridge-Tunnel Crossing On

Sedi nentati on. Hydraulics and hydrology in the small conputer age, proceedings
of the Specialty Conference, Lake Buena Vista, U S A, August 12-17, 1985. W
R Wal drop, ed., Anerican Society of Civil Engineers, New York, Session 4C, 1,
254- 259,

The procedures used to study the effects of a proposed bridge tunnel crossing on
sedimentation in the James River estuary, Virginia, US. A are briefly
described. A finite el enment hydrodynam ¢ nodel, RMA-2V was used for a

navi gati on channel study and a general sedinmentation study. The non-cohesive or
sand version of the finite el enent transport nmodels of STUDH was used to

i nvestigate the navigation channel s and eval uate shoal i ng changes. The cohesive
or clay version was used to study the sedinmentation. Details of the simulation
studies are presented and no adverse inpact of the proposed constructi on was
indicated in the channels or in oyster ground areas.

Helt zel , Sanmuel B. (1988). |-664 Bridge-Tunnel Study, Virginia; Sedinmentation
And Circul ation Investigation, Technical Report HL-88-25, U S. Arny Engi neer
Wat erways Experinent Station, Vicksburg, M

This report presents results from physical and numerical nodel tests on the
effects of the proposed |-664 James River Bridge-Tunnel conplex on (a)
sedinentation in the federally nmaintai ned channel s (Newport News, Norfolk

Har bor, and Elizabeth River), (b) general sedinentation in the |ower Janes

Ri ver, 8changes in overall flushing characteristics, and (d) changes in current
vel ocities and flushing near the Craney I|Island disposal site.

The navi gati on channel sedi nentation was eval uated using the TABS-2 finite

el ement numerical nodel s RMA-2V for hydrodynam cs and STUDH for sedinentation
with an existing nunerical mesh of the Elizabeth River and | ower Janes River
areas. For the general sedinentation investigation, a new numerical mesh was
created and the same nunerical nodels, RMA-2V and STUDH, were used. Data for
the flushing and currents eval uati on were provided by the Virginia Institute of
Mari ne Sci ence.

Results fromthe physical nodel tests indicate circulation changes will be
localized with minimal effects on the general circulation of the | ower James
Ri ver.

Results fromthe nunerical sedinmentation nodeling indicate that sedi nentation
wi Il be generally unchanged or reduced except on either side of the north island
where increases can be expected. The areas experienci ng unchanged or slightly
reduced sedi nentation rates include the oyster grounds, the Elizabeth River and
Nor f ol k Harbor Channels, and the Newport News Channel

Helt zel , Sanuel B., and Granat, Mtchell A (1988). Lower Janes River
Circulation Study, Virginia; Evaluation OF Craney |sland Enl argenent

Al ternatives, Technical Report HL-88-8, U 'S. Arny Engi neer Waterways Experi nment
Station, Vicksburg, M

This report presents results fromthe nunerical nodel investigation whose
primary objective was to assess general changes in circulation, currents, and
sedi nentati on associated with six proposed alternative expansi on geonetries of
the Craney Island confined disposal facility. An additional objective of the
study was to assess the effects of each of the six alternative geonetries on the



reported estuarine circulation cell (flow convergence) off Hanpton Flats and
Newport News Point.

This nunerical nodel investigation used the TABS-2 finite el enent nunerica
nodel s RMA-2V for hydrodynani cs and STUDH for sedinentation with a nodified
versi on of an existing nunmerical nesh of the Lower Janes River. O her

i nformati on presently avail abl e regarding the estuarine circulation and fl ow
conver gence observed of f Newport News Point and Hanpton Flats was revi ewed.

Wth the exception of the Newport News Channel, results fromthe nunerica

hydr odynam ¢ nodel i ng indicated no plan to base velocity differences greater
than "0.06 fps at any of the critical areas of interest. Velocity differences
greater than 0.10 fps were indicated for the Newport News Channel; channel plan
vel ociti es al ways exceeded base velocities with naxi mum ebb velocity differences
greater than nmaxi num flood velocity differences. Plans with northward
extensions resulted in the |largest increases. The greatest changes, |ess than
0.35 fps on ebb and 0.25 fps on flood, were indicated for plans A and B, the

| ar gest expansion alternatives al so invol ving westward expansi ons.

Subtl e localized circulation variations, generally within 16,000 ft adjacent to
and north and northwest of Craney Island, were identified in base to plan
conpari son vector plots.

Results fromthe nunerical sedinentation nodeling showed that plan to base
shoal i ng i ndex val ues (plan-predicted sedinentation divided by base-predicted
sedi nentation) were all within 90 to 110 percent at the critical areas of
interest. The Nansenond River entrance was the only area considered to
denonstrate any distinct changes in base and plan sedi nentation. Considering
the existing |l ow sedinentation in the critical areas exam ned, the indicated
differences are well within ordinary field survey detection limts.

Alternatives A, D, and F may inpact water quality characteristics as a result of
a reduced circul ati on zone between the Craney Island extension and the mainl and.

Appendi x A contains general information on the finite elenment nethod. A brief
description of RVA-2V and STUDH appears in Appendices B and C, respectively.

Helt zel , Sanmuel B. (1992). Evaluation OF Proposed Port Facilities, Charleston
Har bor, South Carolina. Proceedings of Ports '92, Seattle, WA. Anerican
Society of Civil Engineers, New York, 791-801

Oten it is necessary for port facility designers to eval uate vari ous
alternative devel opment plans for port facilities. These eval uations may

i nclude a ship navigability study or an eval uati on of potential inpacts to
channel and facility shoaling and nai nt enance dredgi ng requirenments. A study of
this type was perfornmed for the South Carolina State Ports Authority (SCSPA) by
the US Arny Engi neer WAterways Experinent Station. The study was designed to
provide a prelimnary evaluation of two alternative port facilities. This
nunerical nodel investigation used the US Arny Corps of Engi neers

TABS- MD nunerical nodeling systemfor open channel flow and sedi nentati on.
Boundary conditions and a verification data set were obtained fromthe laterally
averaged nurerical nodel Fine-Gained Bed Sedinent (FIBS). The nunerical nodel
mesh used in this study is a conprehensive nmesh of the Charl eston Harbor system
Verification was very carefully conducted, and a sensitivity analysis was al so
perfornmed on nodel paraneters. This paper presents the results of this port
facility eval uation.



Hewl ett, J. Christopher, Daggett, Larry L., and Heltzel, Sanuel B. (1987).
Shi p Navigation Sinmulator Study, Savannah Harbor W deni ng Project, Savannah
CGeorgia, Technical Report HL-87-5, U S. Arny Engi neer \Waterways Experi nment
Station, Vicksburg, M

The US Arny Engi neer Waterways Experinent Station (VWES) ship sinulator was used
to evaluate the proposed channel w dening of the Savannah Harbor from Fig Island
Turning Basin to Kings Island Turning Basin. The wi dening would extend the
north side of the channel 100 ft. The present channel wi dth of 400 ft causes
difficulties in the naneuvering of the 950-ft New York C ass container ships
that began calling in Savannah approxi mately 2 years ago. For this reason, the
simul ati on study was conducted using a numerical nodel of this container ship.

To generate channel currents for input into the sinulation, a hydrodynanic
finite el ement nodel of the Savannah Harbor was devel oped as part of the study.
Boundary conditions for this nbdel were obtained froma |larger nunerical nodel

of the entire Savannah estuary system devel oped by the WES Hydraulics Laboratory
Mat h Mbdeling Group. Prior to testing, professional pilots from Savannah
conducted a series of runs for the purpose of validating the sinulation.

The sinul ations consisted of existing and planned conditions. [|nbound and

out bound runs were perforned in opposing currents froman extreme tidal range of
10.5 ft. A total of 42 runs were nade, 10 outbound runs in the existing
channel, 10 outbound runs in the planned channel, 11 inbound runs in the

exi sting channel, and 11 inbound runs in the planned channel. Professiona
pilots fromthe Savannah Pil ots Associati on conned the ship during the tests.
Study results were based on a basic statistical analysis in which the neans and
standard devi ati ons of the foll owi ng maneuvering paraneters in the existing and
pl anned channel s were conpared: rudder angle, rate of turn, heading,
revol uti ons per mnute, speed, and clearances to the channel edge. Results of
this anal ysis showed a snall but consistent inprovenment in navigation in the

pl anned channel

Appendi x A presents plots of the current nodel meshes for both the existing and
pl anned channels. Appendi x B shows plots of the current vectors fromthe finite
el ement nodel. Appendix C shows all pilot track-lines plotted simultaneously
for each test condition. Appendix D presents the pilots' ratings of the

simul ator and of the proposed channel w dening and tabul ates these conments.

Hol land, J. P., Berger, R C., and Schmdt, J.H (1996). Finite El ement

Anal yses in Surface Water and Groundwat er: an Overview of Investigations at the
U S. Arny Engi neer Waterways Experinment Station, Third US-Japan Synmposium on
Finite El ement Methods in Large-Scal e Computational Fluid Dynam cs, March 31-
April 3 1996, M nneapolis, M\

No Abstract

Jones, Norman L., and Richards, David R (1992). Mesh Generation For Estuarine
FIl ow Mbdel i ng, Journal of Waterway, Port, Coastal and Ocean Engi neering
Anerican Society of Cvil Engineers, 118(6), 599-614.

A finite element conputer nodeling systemcalled TABS-2 has been devel oped by
the U S. Arny Engi neer Waterways Experiment Station, Vicksburg, M ssissippi
TABS-2 has been used to nodel shallow water flow in estuaries. Accurate

nodel ing of the flowin estuaries using TABS-2 requires the use of very large
two-di nensional finite el ement meshes. The task of constructing such nmeshes has
traditionally been the nost tine-consuning and error-prone part of the nodeling



process. Mst autonmtic nmesh-generation schenes are not well suited for

est uari ne nodel i ng because the regi ons nodel ed are typically highly conpl ex and
irregular. As a result, the meshes are often constructed manual |y by coding the
mesh in an ASCII file. Manual construction of |arge nmeshes is very tedious and
can take several weeks to conplete. To overcone this difficulty, a nesh
generation schene well suited for estuarine nodeling has been devel oped
involving a triangulation algorithmand a variety of nmesh editing tools. The
schenme makes it possible to generate | arge neshes of several thousand el enents
in arelatively short period of tinme. 1In addition, the schene results in neshes
wi th favorable geonetric properties, leading to stability and accurate

sol uti ons.

Letter, Joseph V., Jr. (1993). Gand and Wite Lakes Flood Control Project;
Nureri cal Model Investigation, Technical Report HL-93-11, U. S. Arny Engineer
WAt erways Experinent Station, Vicksburg, M

The Grand and Wite Lakes flood control project provides protection over a broad
portion of the Louisiana coastline. The study area involves a wide variety of
wet | ands and conpl ex canal s and waterways. The area supports many econonic
interests with potentially conflicting desires for managenent of the water
resources. The project required the capability of quantitatively estinating the
rel ative performance of a large nunber of design alternatives.

Nureri cal nodel i ng techni ques capabl e of addressing the flood routing and
salinity intrusion processes required to evaluate project alternatives were
devel oped. These techniques included the specification of control structures
wi thin the one-dimensional finite elenent fornulation, utilization of marsh
porosity, discretization of conplex spatial geonetric features of the wetl ands,
and the use of one-dinensional networking in conjunction with the two-

di nensional finite elenent fornulation

Nureri cal testing was performed for eighteen separate design alternatives for
the system Flood events with 2-, 5-, 10-, 25- and 50-year return intervals
were simul ated and stage exceedance curves generated. Salinity intrusion
testing was perfornmed for the influence of narine organi smingress structures on
the upstream basin. The results of the testing showed that the narine ingress
structures should be very nodest in size if salinity intrusion problens are to
be avoided. The flood control testing suggested that the optinum | ocation of
the increased fl ow capacity should be near the mouth of the primary tributary,
the Mernmentau River, or else extensive channelization would have a acconpany an
alternate | ocation.

Lin, Hsin-Chi J. (1992). Houston-Galveston Navigation Channels, Texas Project;
Report 2, Two-Di nensional Numerical Mdeling O Hydrodynam cs, Technical Report
HL-92-7, U S. Arny Engi neer Waterways Experinment Station, Vicksburg, M

The Houston- Gal vest on Channel Project consists of about 65 nmiles of deep-water
channel s l eading fromthe @ulf of Mexico to the Houston Turning Basin at the
head of navigation and Gal veston Channel, a side channel from Bolivar Roads to
Gal veston Harbor. The present channel dinensions are 400 ft wide and 40 ft deep
at the nean low tide for nost of the channel. The Galveston Channel is 1,125 ft
wi de and 40 ft deep at the nean | ow tide.

This study used the TABS-MD nunerical nodeling systemto sinulate water |evels
and currents of different channel design conditions for Houston-Gal veston

navi gati on channels. These hydrodynam c conditions were used in a separate ship
si mul at or study.



Water | evel neasurenents at six tide gages and vel ocity neasurenments taken
during a 14-hr survey on 18-20 July 1990 at five current stations were used to
verify the nodel. A different subset of water |levels from 20-22 Novenber 1990,
were used to further verify the nodel.

The verified nmodel was used to simulate the hydrodynanics for the existing and
two proposed channel configurations of the Houston Ship Channel and Gal veston
Channel . The peak ebb and flood currents and water |evels for each design were
used as conputer files for use in the ship sinulator study.

Conpari sons of existing channel velocities with those for Phase | and
Phase Il of the project indicate slight increases in the |ower part of Houston
Shi p Channel

Lin, Hsin-Chi J., and Richards, David R (1993). Nunerical Mdel Investigation
O Saugus River And Tributaries, Massachusetts, Flood Danmage Reduction
Techni cal Report HL-93-5, U S. Arnmy Engi neer \Waterways Experinent Station

Vi cksburg, M

The Saugus and Pines Rivers estuary is located along the Atlantic coast
approximately 10 nmiles north of Boston, MA. Because of the topography and
hydraul i cs of the Saugus and Pines river basins, a big stormevent creates a
significant flooding in the areas al ong the Saugus and Pines Rivers.

A plan was devel oped by the U S. Arny Engi neer Division, New England, to provide
fl ood damage reduction agai nst the Standard Project Northeastern event. The
princi pal conponent of this plan is construction of tidal floodgates at the
nout h of the Saugus River.

The objectives of this study were to use the TABS-MD nunerical nodeling system
to (a) provide upstream and downstream boundary conditions for testing the
proposed floodgate plan in a physical nodel study; (b) determ ne the inpacts
caused by breaching of the I-95 enbanknent at the east branch of Pines River and
wi dened Pines River openings in the |-95 enbanknent; and (c) evaluate the

i npacts of floodgate structure on basin tide levels, circulation patterns, and
storm surges and sedi mentation and the effect of sea level rise on these
responses.

Since the proposed floodgate area has not experienced sedi ment problens, the
sedi nent study was focused on a sensitivity analysis of nobdel paraneters. A 24-
hr sinul ation was used to indicate any significant change in sedi nent deposition
and scour pattern in the study area.

The RMA-2V npdel was successfully verified to limted field neasurenents
including a 3-day field survey of water levels at nine tide gages and a 14-hr
survey of velocity neasurements at nine current stations. The conparisons of
the conputed water levels and velocities to field nmeasurenments were good.

Breachi ng of the abandoned |-95 enmbanknent and wi dening the Pines River opening
on 1-95 will increase tidal flowin marshy areas. The water |levels in marshy
areas will increase about 0.5 ft at the peak tide under a spring tide condition
The tine lag of the peak water |evels between the Broad Sound and upper marshy
areas was reduced from2 hr to 1 hr



The proposed floodgate will not cause significant change of water levels in the
Pi nes and Saugus Rivers under the normal tide conditions. It will protect the
study areas from fl ooding during the storm events.

The water levels in the marshy areas under Plan 2C+7 will increase about
1.0 ft at the peak flood tide and ebb tide for the 1-ft rise in sea | evel

The proposed floodgate will not alter the sediment deposition or scour pattern
in the estuary under the nornal tide condition, but |ocal scour near the piers
may occur.

Lin, H C, Jones, N L., and Richards, DD R (1991). M croconputer-Based
System For Two- Di nensi onal Fl ow Modeling. Proceedings of the 1991 Nationa
Conference on Hydraulic Engineering, Nashville, TN, July 29-August 2, 1991
Anerican Society of Cvil Engineers, New York, 528-533.

An integrated, mcroconmputer-based system has been devel oped for simulation of

t wo- di nensi onal, unsteady, free surface flows. The systemconsists of a finite-
el ement nesh generation code, a 2-D hydrodynam ¢ code, and graphical post-
processors. The mesh generati on code was specifically designed for interactive
construction of irregular neshes and autonatic generation of input files to the
hydr odynam ¢ code. The hydrodynam ¢ code was adapted from RVA-2 in the TABS-2
system of nodels. G aphical displays of water surfaces and velocities are
presented. The mi croconputer-based system provi des engineers with a tool that
can be applied to various studies of rivers, |akes, and estuaries. System usage
and benchmarks for Maci ntosh and M5-DOS machines is provided. |t provides
econom cal and user-friendly desktop applications for nost free surface flow

pr obl ens.

Lin, H J., Martin, W D., and Richards, D. R (1990). Dredging Alternatives
Study, Cubits Gap, Lower M ssissippi River; Report 2, TABS-2 Numerical Mde

I nvestigation, Volunes | and Il, Technical Report HL-90-20, U S. Army Engi neer
Wat er ways Experinent Station, Vicksburg, M

This report presents results fromthe nunerical nobdel investigation whose
primary objective was to determ ne the best nethod to control shoaling in the
navi gati on channel between Cubits Gap and Head of Passes. The secondary

obj ective was to evaluate the best design configuration for a structural dike
plan | ocated at Cubits Gap and the ability of these designs to return the fl ow
distribution to its historical |evels.

Several plans were proposed by the US Arny Engineer District, New Ol eans, and
| ocal shipping interests to alleviate the recurrence of these shoaling
conditions. They included a sedi nent trap, advance nmi ntenance, and additiona
training structures. The first two addressed shoaling problens in the reach
bet ween Cubits Gap and Head of Passes. The latter addressed shoaling and fl ow
distribution in Cubits Gap

This investigation used the TABS-2 finite el enent nunerical nodel RMA-2V for
hydr odynam ¢ anal ysis and STUDH for sedi nent transport conputation. A |arge-
fl ow 87-day hydrograph was used to determ ne the performance of each plan

Results fromthe sedi nentati on nodeling showed that the best nonstructural plan
was advance mmi ntenance. It provided a smaller quantity of shoaling than the
sedinent trap plan and affected a snaller area of the navigation channel. Both
nonstructural plans, however, would increase the channel shoaling rate conpared
to existing conditions. For the structural plan, Plan 1 with a 2,800-ft-1ong



angl e di ke and 800-ft-1ong headl and di ke provided the | east ampbunt of shoaling
of any plan tested. Al three dike plans tested would result in a substanti al
reduction in channel shoaling. Results fromthe hydrodynan c nodeling showed
that dike plan 1 returned the flow distribution at Cubits Gap to the anpunt
expected with the supplement Il works in place. This study did not address

| ong-term sedi nentation effects within Cubits Gap. |If one of the structura
plans is selected for inplenmentation, a detailed study in the vicinity of Cubits
Gap is recomended to optinize the perfornmance of the structure.

Lin, H C, Jorgeson, J. D., Richards, DD R, and Martin, W D. (1993). A
Conpr ehensi ve System For Surface Water And Groundwat er Modeling. Proceedi ngs of
t he Federal Interagency Workshop on Hydrol ogi c Model i ng Denands for the 90's.
James S. Burton, conpiler, Water-Resources |nvestigations Report 93-4018, U. S
Department of the Interior, U S. GCeological Survey, Reston, VA

The U. S. Arny Engi neer Waterways Experinent Station (WES) and Bri gham Young
University (BYU) have devel oped a conputer interface systemthat greatly
facilities the pre-processing, execution, and post-processing of watershed,
surface water, and groundwater nodels. The actual conputations are nade with
the nodel s HEC-1 (hydrol ogy), TABS-MD (surface water) and 3DFEMFT (groundwater).
A common triangul ated irregular network (TIN)-based data structure is used to
ensure consi stency between hydrol ogy, surface water hydraulics, and groundwater
flows. The interface allows easy construction of drainage basins and conputes
needed i nput paraneters for hydrol ogi c conputations and display of hydrographs
and fl ood boundaries. For surface water, the conputational neshes and the
boundary conditions are easily created and edited. Post-processing tools allow
the display of velocity vectors and col or-shaded contours of velocity magnitude
and water surface elevations in additional to tine histories at any point of
interest. The groundwater nodul e allows generation and editing of 3-D
conput ati onal neshes and viewi ng of results through slices and col or contours.

McAnal ly, W H  (1987), Hybrid Mdeling To Reduce Mi ntenance Dredging. Third
United States-The Netherlands Meeting on Dredgi ng and Rel ated Technol ogy,

Charl eston, SC, 10-14 Septenber 1984. U.S. Arny Engi neer Waterways Experi ment
Station, Vicksburg, M

The hybrid nodeling approach integrates physical nodeling, nunerical nodeling,
and anal ytical nethods to produce results that are superior to other methods of
predi cting harbor sedinmentation. The hybrid nethod has been descri bed
previously, but in brief, it applies each method to those processes for which it
is best suited. For exanple, a physical nodel is used to describe three-

di mensi onal hydrodynamics. Integrating the various solution methods permts the
nodel er to take advantage of the strengths of each nethod while avoiding its
weaknesses. In this way, nore processes can be nodel ed nore accurately. This

study indicates that the hybrid nodeling approach, using TABS-2, provides an
excel l ent tool for evaluation plans to reduce navi gati on channel naintenance.

McAnally, W H., Jr. (1989). Lessons From Ten Years Experience In 2D Sedi ment
Model i ng. Sedi ment transport nodeling; proceedings of the International
Synposi um New O | eans, August 14-18, 1989. S. S. Y. Wang, ed., American
Society of Civil Engineers, New York, 350-355.

Exani nes the work of the Hydraulics Laboratory, Estuaries Division, on two-
di mensi onal nodels for sedinment transport. Applications of the nodels include
studi es of navigation channel sedinentation rates, channel norphol ogy changes,
erosi on/ deposition characteristics of open water dredge spoil disposal and



changes i n suspended sedi nent concentration (dredging or nodel) and LAEMSED
(width integrated vertical nodel).

McAnal ly, W H  (1989). STUDH. A Two-Di mensi onal Nunerical Model For Sedi ment
Transport. Sedi nent Transport Modeling: Proceedings of the Internationa
Synposi um New O | eans, LA, August 14-18, 1989. American Society of Civi

Engi neers, New York, 659-664.

TABS-2 water |level and flow conputations are perforned by the generalized
nunerical nodel program RVA-2V, salinity and tracer transport conputations are
performed with RVA-4, and sedi ment transport conputations are perfornmed by
STUDH. All three nodels use the finite el enent solution techni que and can
perform conputati ons on the same conputational nmesh. STUDH perfornms only

sedi nent transport conputations, so hydrodynam cs -water |evels, current

vel ocities, short period wave heights and periods - nust be conputed externally
and specified as input to STUDH. RMA-2V and STUDH use the sanme conputationa
mesh and quadratic interpolation functions, so that the water |evel and velocity
field generated by RMA-2V is exactly recreated by STUDH.  STUDH cal cul at es
transport of sedi nent by solution of the unsteady, depth-integrated, 2D
convection-diffusion equation with source/sink terns representing

deposi tion/erosion processes and bed keeping routines that account for bed
structure (thickness, density, strength, etc.) Both cohesive and noncohesive
transport are computed

McAnal ly, WlliamH., Jr., and Granat, Mtchell A (1991). Cunberland Sound
and Kings Bay, Pre-Trident and Basic Trident Channel Hydrodynanic and Sedi ment
Transport Hybrid Mdeling; Volume I1: Appendix B, Technical Report HL-90-21

U S. Arny Engi neer Waterways Experiment Station, Vicksburg, M

A previously verified hybrid nodeling system (coupl ed physical and nunerica
nodel s) of the Kings Bay/ Cunberl and Sound estuarine systemwas used to

i nvestigate hydrodynam c and sedi nentation variations associated with Trident
channel expansion. Although not an explicit objective of the npodeling efforts,
tidal effects were exanined. The tested plan condition was predicted by the
nodel s to result in higher high water and md-tide |evel elevations in both
physi cal and nunerical nobdels. Variations were close to, but greater than
nodel detection lints. Conparison of |ow water elevations between the nodels
was i nconsi stent.

Thi s appendi x specifically addresses the issue of tidal changes in a conpact
format. Pertinent information is conpared with field observations and
anal yti cal considerations.

Based on the presented information, it is concluded that tide range will
probably not change as a result of Trident channel inprovenents. Mean water
| evel in Cunberland Sound nay increase a small anount, |ess than the nornmal
annual variation in nean sea level. It will be extrenely difficult to detect
any change until data have been collected for several years.

McAnally, W H., and Stewart, J. P. (1982). Hybrid Mdeling O Estuarine

Sedi nentation. Applying research to hydraulic practice, proceedings of the
conference, Jackson, M5, August 17-20, 1982. P. E. Smith, ed., Anmerican Society
of Civil Engineers, New York, Session 8A, 408-417.

A hybrid nodeling method using physical and nunerical nodels in an integrated
sol uti on nethod was devel oped for use in solving estuarine sedinentation
probl ems. The nethod was applied to the Colunbia River estuary with a |arge



physi cal nmodel, finite el enent nunerical nodels RVA-2V and STUDH, a finite
di fference wave propagati on nodel and several analytical techniques.

McAnally, W H., Jr., and Thonas, W A (1980). Finite Elenent Mdels In A
Hybrid Model Study OF Estuarine Sedinentation. Finite elements in water
resources; preprints of the Third International Conference, Oxford, M5 My 19-
23. University of Mssissippi, University, M

Thi s paper described how two finite element nodels fit into a hybrid solution
met hod, and di scussed experience gained in their application. Wter surface

el evation, current velocity, and salinity (in three di nensions) are neasured
briefly at a nunber of points in a physical nodel of the estuary. These
nmeasurenents are used to drive a finite element numerical nodel for

hydr odynam cs- RMA-2.  CQutput from RVA-2 and other nodels as required (e.g., a
wi nd-wave propagation nodel) drives a two-dinensional finite el enment nunerical
nodel for sedinment transport-STUDH.  The several nbdels are connected and

conpl emented by a data managenent system and several pre- and post-processor
conputer codes. Present criteria for limts on elenent sizes, shapes, and tine
steps appear to be lacking. Rules of thunb and previ ous experience wth what
wor ks and what does not are val uabl e gui des, but practical, production-oriented
nodel applications generally require that nmeshes be stretched to the limt in
order to stay within tinme, cost, and computer resources. A related need is for
continui ng inprovenment in conputational efficiency-a popular area of endeavor.
Recent work nmade the finite elenent nmethod conpetitive with other nethods, but
further inprovenents are a necessity.

McAnally, W H., Berger, R C, Teeter, A M (1993). Three-Di nmensiona

Nureri cal Mbdeling For Transport Studies. Proceedings, National Conference on
Hydraul i ¢ Engi neering, San Francisco, CA. Anerican Society of Civil Engineers,
New York, 2, 2141-2146.

Model i ng t hree-di mensional transport of salinity and sediments in estuarine
flows requires that hydrodynam cs be accurately nodeled with sufficient
precision to describe the advection and turbul ent diffusion of salinity and

sedi nents. These denands are considerably nore stringent that those required
for nodeling water |evels and di scharges. Application of the nodel RMALO-\VES
and TABS- MD system of nulti-dinensional nmodels to San Francisco Bay salinity and
sedi ment transport and Gal veston Bay salinity illustrates the chall enges

i nvol ved. Residual flows in these bays reflect both density-driven flows, which
are strongly three-dinensional, and tidal punping, which are weakly three-

di mensi onal, and tidal punping, which is weakly three-dinensional. Asymetry in
bed stresses conbined with these residual flows to induce three-dinensiona

sedi ment fluxes that may or may not be consistent with the residual flows.

McAnal ly, WlliamH., Jr., Brogdon, Noble J., Jr., and Stewart, J. Phillip.
(1983). Colunbia River Estuary Hybrid Mddel Studies; Report 4, Entrance Channe
Tests, Technical Report HL-83-16, U S. Arnmy Engi neer \Waterways Experi nment
Station, Vicksburg, M

A hybrid nodeling approach using a fixed-bed physical nodel, nunerical nodels,
and anal ytical techniques was used to study navi gation channel shoaling at the
mout h of the Colunmbia River. Sixteen plans for reduci ng channel naintenance
dredging at the existing 48-ft depth and at 55- and 60-ft depths were tested.
Effects of the plans on tides and currents were found to be subtle. Non-
deepeni ng plans had ninor effects on salinity intrusion while channel deepening
increased salinities by 1 to 6 ppt up to about nile 18. Only one structura



pl an reduced shoal i ng bel ow base conditions for the 48-ft channel. Channe
deepeni ng i ncreased shoal i ng consi derably.

McAnal ly, WIlliamH., Jr., Brogdon, Noble J., Jr., Letter, Joseph V., Jr.
Stewart, J. Phillip, and Thonmas, WIlliam A  (1983). Colunbia R ver Estuary
Hybrid Model Studies; Report 1, Verification O Hybrid Mdeling O The Col unbi a
Ri ver Mouth, Technical Report HL-83-16, U S. Arny Engi neer Waterways Experi ment
Station, Vicksburg, M

The Col unbi a Hybrid Modeling Systemwas applied to the mouth of the Col unbia
Ri ver estuary to evaluate alternatives for reducing navigation channe

mai nt enance dredgi ng. The hybrid nodeling method using a physical hydraulic
nodel , anal ytical techniques, and various nunerical nodels in an integrated
solution nethod that takes advantage of the strengths of each technique while
avoiding its weaknesses. The nethods accounted for the effect of tides,
freshwater runoff, wind waves, and littoral currents on sedi nent transport,
deposition, and erosion. The nodels were verified to satisfactorily reproduce
observed prototype behavi or

McAnal ly, WlliamH., Jr., Letter, Joseph V., Jr., Stewart, J. Phillip, Brogdon
N. Janes, Jr., Anthony, Thomas W (1984). Colunbia River Hybrid Mdeling
System Journal of Hydraulic Engineering 110(3), 300-311

A hybrid nodeling nmethod for predicting waterway sedi nentati on was devel oped and
applied to the Colunbia River Estuary. The nethod uses physical hydraulic
nodel s, two-di nmensional (2-D) nunerical nodels, and anal ytical techniques in an
i ntegrated solution scheme. The hybrid nodeling systemused to study the

Col unbi a consisted of a |arge physical nodel of the estuary, RMVA-2V, a depth-

i ntegrated nunerical nodel for sedinent transport, and a collection of

anal ytical methods. By using each nodel to address those phenonena that it is
best able to describe, an inproved nodeling technique is created.

McAnally, W H., Letter, J. V., Stewart, J. P., Thomas, W A., and Brogdon, N
J. (1984). Application O Colunbia Hybrid Mdeling System Journal of
Hydraul i ¢ Engi neering, Anerican Society of Cvil Engineers, 110(5), 627-642.

Descri bes application of the Col unbia Hybrid Mddeling Systemto navigation
shoaling problens at the mouth of the Colunbia River Estuary, U S. A A physica
nodel was used for tidal elevations current speeds and directions at multiple
depths and salinity concentrations. The nunerical hydrodynani c nodel RVA-2V was
used in conjunction with the physical nodel. Qutlines specification of boundary
conditions (slip flows, water surface el evations at nodes etc.). Describes tine
step and iteration procedures, wave analysis and conputation of [ong shore
(littoral) currents. Five events were used for verification of the nodel.

Sedi nent ati on nodel i ng used the STUDH nobdel. Exanines sone linitations of the
nmet hods used, notably two-di nensional treatment of sedinent transport. Conpares
nodel and prototype dredged vol unmes, and shoaling pattern (scour and fill).

McAnal ly, WIlliamH., and Berger, R C  (1997). Salinity Changes in
Pontchartrain Basin Estuary Resulting from Bonne Carre Freshwater Diversion
Techni cal Report CHL-97-2, U. S. Arny Engi neer Waterways Experinent Station
Vi cksburg, M.

Nureri cal nodel experinments were perforned to predict salinity changes that will
occur in the Lake Pontchartrain basin estuary, Louisiana and M ssissippi, as a
result of proposed M ssissippi River freshwater diversions through the Bonnet
Carre spillway near New Orl eans. One purpose of the diversion is to reduce



salinities in the Biloxi Marshes by 2 to 8 parts per thousand (ppt) in order to
i mprove oyster productivity. A range of nonthly salinities has been identified
as the desired product of the project. Those salinities, called the Chatry
salinities in this report, consist of a narrow band of optinumsalinities and a
somewhat wi der band of range limts.

A tinme-varying, three-di nensional nurerical nodel of the estuary was constructed
using the U S. Arny Corps of Engi neers TABS-MD nodeling system The nodel ed
area i ncluded Lakes Maurepas, Pontchartrain, and Borgne, Biloxi Marshes, and a
portion of Chandel eur Sound plus connecting waterways of M ssissippi River-Gulf
Qutlet (MRGD), Inner Harbor Navigation Canal, GQulf Intracoastal Waterway, Chef
Menteur, and The Rigolets. Al mjor tributary freshwater flows were simul ated,
as were tides at the Gulf of Mexico boundary and wi nds. The nopdel conputed

i nstant aneous water levels and current velocities and salainities in three
spati al di mensions throughout the area nodel ed. The nodel was verified to
satisfactory reproduce hydrodynam ¢ behavi or observed in the natural systemin
1982 and 1994.

Four conditions were nodeled for April through August of a typical year: a Base
condition with no diversion, Plan RT with freshwater diversions up to 20,000
cfs, Plan MBP5 with freshwater diversions up to 8,500 cfs, and Plan LBCl, with
no freshwater diversions but with the connections between the MRGO and Lake

Bor gne cl osed.

The nunerical nodel results were used to construct a sinple regression equation
that relates Biloxi Marsh salinities at a point to freshwater flows fromthe
natural tributaries plus the diversions. The equation was then used to devel op
ot her diversion schedules that offered various salinity reduction scenarios.

The foll owi ng concl usions and recomendati ons are drawn fromthe work:

a. The estuary responds very slowy to changes in freshwater inflow to Lake
Pontchartrain. For exanple, in the Biloxi Marshes salinity effects are

noti ceable within 30 days of a change in flow, but the peak effect occurs at
about 60 days, and a noticeable residual effect remains at 120 days.

b. The MRG is a significant contributor to the salinity regine in the Lake
Pontchartrain to Biloxi Marshes area, primarily via MRGO connections to Lake
Bor gne.

c. A Bonnet Carre structure discharge capacity of about 30,000 cfs is required
to achieve the desired spring salinity of about 6 ppt about every other year at
Line 2, a location in the Biloxi Marshes identified as the target location in
the General Design Menorandum (GDM). However, any year in which that |ow

salinity is achieved (either by diversion or natural freshening) will be fresher
than desired in the subsequent 2 nmonths because of the slow response tine of the
system

d. The plans considered here will reduce salinities at Line 2 in the Bil oxi
Marshes for a typical year (50 percent exceedance flows). Specifically,
conpared to the Base, or no diversion, condition, the plans had the follow ng
effects on salinities at about the center of Line 2:

(1) Plan RT (up to 20,000 cfs) reduced salinities up to 4.2 ppt during April-

August. It reduced salinities to Chatry opti numval ues or less for 10 nonths
out of 12.

(2) Plan MBP5 (up to 8,500 cfs) reduced salinities up to 3.4 ppt during April-
August. It reduced salinities to Chatry optinumvalues or |less for 9 nonths out
of 12.

(3) Plan LBCl1 (cl osure of |ake Borgne-MRGO connections) reduced salinities up to
about 2 ppt during April-August.



e. Oher potential diversion schedules can be devised and salinity reduction
approxi mated by the sinple equation developed in this report w thout additiona
nodel experinmentation in order to bal ance achi evenent of salinity goals with
other criteria. However, any plan devised by that nethod should be subjected to
nodel experinmentation before design is conplete and before an operational plan

i s designed.

f. Control of salt flux up MRGO and through the outlets can contribute
significantly to achieving Biloxi Marsh salinity goals. Possible contro

nmet hods are discussed in Chapter 5 of this report. By extension, it may be
possi bl e to conbine MRGO salt contributions with smaller diversions (e.g., MPJ)
to approach target salinities at Line 2.

g. The basin response conclusions initemd inply that a Bonnet Carre diversion
schedul e nust be statistically based. Before construction of a project, the

pl ans reported here nust be replaced with a diversion operational plan that
takes into account antecedent conditions and a stochastic forecast of future
tributary inflows. Such an operational plan will produce sone years fresher
than desired and sone years saltier than desired, as described in the GDM
Chapter 5 of this report suggests an approach for devel opi ng such an operationa
pl an.

MacArt hur, Robert C., Pennaz, Janes, Freeman, Gary E., Wissinger, Lisa L., and
King, lan P. (1991). Enhanced Muilti-Di nmensi onal Mdeling O Marshes And
Wet | ands. Proceedi ngs of the 1991 National Conference on Irrigation and

Dr ai nage, Honolulu, H, July 22-26, 1991. Anerican Society of Civil Engineers,
New York, 794-800.

Thi s paper summarizes the verification and application of a two-di nensiona
finite el ement nodel capable of simulating the conplex circulation
characteristics in marshes and wetlands for a variety of boundary and fl ow
conditions. The new 'Marsh El ements and Cul vert-Wir' version of conputer
program RVA- 2V incl udes capabilities to simulate nmarsh hydrodynam cs and cul vert
and weir flow along the margins of a marsh or wetl and.

McCol | um Randy A., and Donnell, Barbara P. (1994). darenont Term na
Channel , New York Harbor, Technical Report HL-94-14, U S. Arny Engi neer
Wat erways Experinent Station, Vicksburg, M

A ship simulator investigation of Cl arenont Terninal Channel was performed to
determ ne the effects on ship handling of the proposed w deni ng and deepeni ng of
t he existing channel from approximately 150 ft to 300 ft and 27 ft mMwto 34 ft
mw, respectively. A hydrodynanic nodel study of the same area was conducted in
support of the ship sinmulator investigation to supply current fields for the

exi sting channel and proposed channel nodifications. This report will describe
the ship sinmulator investigation, it's conclusions, and recomendati ons.
Appendi x A will describe the hydrodynam c verification and nunerical sinulation
of the existing Carenont Channel bathynetry and two proposed channel design

pl ans. Appendi x B describes the governing equations of the TABS-MD nuneri cal
nodel i ng system

Martin, WlliamD., and Berger, R C. (1989). Southwest Pass Training
Structure Alternatives. Proceedings of the 1989 Nati onal Conference on
Hydraul i ¢ Engi neering, New Ol eans, LA, August 14-18, 1989. American Society of
Cvil Engineers, New York, 969-974.

The U. S. Arny Engi neer Waterways Experinment Station system of conputer prograns,
TABS-2, was utilized to evaluate various structural plans for increasing channe
vel ocities and sedi ment transport capacity in the | ower Southwest Pass of the



M ssissippi River. The study area was limted to the lower 4 mles of the Pass.
A high flow representing 900,000 cubic feet per second at Venice, Louisiana, was
selected for analysis. A high resolution finite elenment nmesh that all owed
detail ed eval uation of velocity vectors was used to anal yze seven alternative
plans. This relatively quick and i nexpensive analysis technique resulted in an
optimal structural plan which provided maxi num channel velocities at a mininal
cost.

Mel i dor, Avenant, Thonmas, W A., and McAnally, W H  (1984). Nunerical Model O
M ssi ssippi River at Lock and Dam 26. Water for Resource Devel oprent,
Proceedi ngs of the Conference, Coeur d' Al ene, |ID, August 14-17, 1984. Anmerican
Society of Civil Engineers, New York, 64-66.

Repl acement work was initiated in Novenber 1979. The first stage cof ferdam
constricted about half of the river channel. As a result, the flow velocity at
the construction increased causi ng considerable erosion, and the river bed
dropped about 20 ft during the period of May 1981 to May 1982. The St. Louis
District had the Waterways Experinment Station (WES) conduct a physical, novabl e-
bed, hydraulic nodel study of the scour problem |In addition, the district
applied the TABS-2 Nunerical Mdeling Systemto the problemw th assistance from
VES Hydraul i cs Laboratory personnel. The results of the TABS-2 study are
reported. TABS-2 is a system of generalized conputer progranms and utility
progranms that are used to nodel open channel flows and transport processes,

i ncl udi ng sedi nentation

Pankow, Virginia R (1988). San Francisco Bay: Mdeling System For Dredged
Mat eri al Di sposal And Hydraulic Transport,, Technical Report HL-88-27, U S. Arny
Engi neer Wt erways Experinment Station, Vicksburg, M

A conbi nation of physical and nunerical nobdels was used to sinulate the

hydr odynami c, circulation, and sedinent transport characteristics of San

Franci sco and San Pabl o bays. This simulation was done in response to a request
by the U S. Arny Engineer District, San Francisco, to devel op a nodeling too
that can define the fate of dredged nmterial disposed at the Al catraz di sposa
site.

Tide and current velocity data fromthe San Franci sco Bay-Delta physical nodel
were used to verify the vertically averaged hydrodynani c nmodel, RMVA-2V (Two-

D mrensi onal Model for Free Surface Flows). This nodel was used to generate the
velocity field for a dredged material disposal nodel, DIFID (D scharge From an
| nst ant aneous Dunp). The suspended sedi ment concentrations from DI FID and the
geonetry and hydrodynam c data from RVA-2V were used in the sedinent transport
nodel , STUDH ( Sedi nent Transport in Unsteady Two-Di nensional Flows, Horizontal
Pl ane), to establish sedinent transport and dispersion patterns around the

Al catraz disposal site in central San Francisco Bay. Two nodel neshes were
devel oped for this study: a conprehensive or global nesh of the entire system
and a nore detailed inset mesh of the Al catraz disposal area.

The nodeling systemhas its capabilities and applications. However, the results
are just reasonable sinulations, not fully verified ones. Each of the nunerica
nodel s, RVA-2V, DIFID, and STUDH, has individual capabilities and |initations,
the greatest of which is the two-di nensional approximtion of a three-

di mensi onal phenonenon. The vertically averaged velocities and sedinment fields
wi Il mask two-layer flow and other three-dinensional processes. Even with this
sinplification, the nodel results are useful in estimating the short- and | ong-
termfates of sedinments released during a disposal operation



Appendi x A describes the TABS-2 nodeling systemin which RVA-2V and STUDH
bel ong, and Appendi x B gives details of the nunerical nodel DI FID

Pokrefke, T. J., Jr., Nckles, C R, Raphelt, N K, Trame, M J., and Boyd
M B. (1995). Redeye Crossing Reach, Lower M ssissippi River; Report 1

Sedi nent investigation, Technical Report HL-95-13, U.S. Arny Engi neer \Waterways
Experiment Station, Vicksburg, M

The sedi nentation study conducted on the Redeye Crossing Reach of the

M ssi ssi ppi River about 3 mles downstream of Baton Rouge, LA, was a conbination
of nunerical and physical novabl e-bed nbdel studies to aid in the devel opnent of
a satisfactory di ke design for this reach. A two-dinmensional nunerical nodel,
TABS-2, was used to predict the reduction in dredging that could be anticipated
with the original dike design and subsequent nodifications. Those nodifications
i ncl uded changing the length, height, location, and nunber of spur dikes. The
pl ans i nvestigated addressed the required di ke plan to maintain the existing 40-
ft navigation channel through the reach and an enhancenent of that plan to
provide a 45-ft channel to be devel oped in the near future.

Since no dikes presently exist in this portion of the M ssissippi River, the
physi cal novabl e- bed nodel study was al so conducted to take advantage of the
capabilities of both types of nodels. Thus the overall study allowed use of the
nunerical nodel to screen plans and the physical nbdel to address detailed

i npacts of the plans. The physical nbdel was constructed to a horizontal scale
of 1:240 and a vertical scale of 1:200 including the river channel and overbank
areas to the adjacent |levees. During the overall testing programthe nunerica
nodel was used to refine and test dikes plans. The di ke plans deemed nost
successful fromthe nunerical sedimentation nodel were also tested on the

physi cal nodel .

Raphelt, Nolan K., Traw e, Mchael J., Wissinger, Lisa L. (1991). River D ke
Design Using A Numerical Mdel Approach. Proceedings of the 1991 Nationa
Conference on Hydraulic Engineering, Nashville, TN, July 29-August 2, 1991
Anerican Society of Cvil Engineers, New York, 435-440.

The prelinnary design of a dike field at Redeye Crossing on the M ssissipp

Ri ver (Baton Rouge, Louisiana) is discussed. The TABS-2 nodeling system was
used to devel op a two di nmensional sedinent transport nodel of the M ssissippi
River fromR ver Mle 228 downstreamto 206. Numerical nodel results are
presented. The nunerical nodeling effort included dynam c sinulations two years
long to evaluate the inpact of proposed dike field |layouts on dredgi ng

requi renents. An assessnment of the nodel's applicability to the design of dike
fields consisting of subnerged rock di kes and nodel limtations encountered
during the study are presented.

Richards, D. R (1988). New Haven Harbor numerical nodel study, Technica
Report HL-88-24, U. S. Arny Engi neer \Waterways Experinent Station, Vicksburg, M

This report presents the results froma nunerical nodel study of the inpacts of
deepeni ng and wi deni ng the approach channels and inner turning basin in New
Haven Harbor, CT. Results fromthe study were intended to deternine changes in
circulation, which mght affect valuable oyster resources, and to formthe
current fields needed to provide a detailed ship sinulation study of the

navi gation i nprovenent project. The US Arnmy Corps of Engineers nunerica
nodel i ng system TABS-2, was used to predict the changes that m ght occur to
circulation patterns in New Haven Harbor and portions of Long Island Sound.
Currents were predicted in the navigation channel as well as in distant shall ow



regi ons where there is a significant shellfish fishery. Results fromthe
nunerical nodel study indicated that there were perceptible changes in the
circulation patterns but that the magnitude of the changes was very small. In
nost cases, base-m nus-plan differences in the currents were less than 0.1 fps.
The | argest differences occurred in the deepened channels, away fromthe shall ow
oyster bed areas. No tide differences were detected between base and pl an

Richards, D. R (1990). Flow Separation Around A Solitary Di ke; Eddy Viscosity
And Mesh Considerations. Hydraulic Engineering: Proceedings of the 1990
Nat i onal Conference, San Diego, CA July 30-31, 1990. Anerican Society of Civi
Engi neers, Boston Society of Civil Engineers Section, Boston, MA 2, 867-872.

The hydrodynam ¢ nodel RMA-2V has been verified on a variety of gl oba
circulation studies. These studies rarely involved separated fl ow patterns
around sudden expansions or contractions. This paper presents results from
nunerical and physical studies of separated flow around a solitary dike.
Particul ar enphasis is placed on eddy viscosity and nesh refinenent issues as
they pertain to nunerical nodel accuracy.

Ri chards, David R, Athow, Robert F., and Anderson, Jerry L. (1987). Nunerica
Modeling Of Estuarine Training Structure Effects On Navigati on Channe

Per f ormance. Coastal Zone '87: Proceedings of the Fifth Synposium on Coasta
and Ccean Managenent, Seattle, WA, May 26-29, 1987. Anerican Society of Cvil
Engi neers, New York, 1575-1587.

A two-di mensional, vertically averaged, nunerical nodeling technique is
presented to anal yze estuarine training structure performance. The technique
consi sts of using the US Arny Corps of Engineers TABS-2 nunerical nodeling
system wi th special enphasis on high-resolution grids and rigorous nodel
verification procedures. Physical nbdel experimental results are conpared with
the results obtained fromthe nunerical nodel sinulation for purposes of nodel
verification. A typical estuarine reach of the Colunmbia River is sinmulated in
t he nunerical nodel, nmodeling both inperneable and perneabl e di ke fields.
Excel |l ent nunerical sinulation of the expected velocity fields was achieved. It
is concluded that sone secondary currents can be successfully simulated using
the required resol ution.

Sanchez, Jose A., and Roig, Lisa C (1997). Hydrodynan c and Sedi nent
Transport, MII Cove, St. Johns River, Florida, Nunerical Mdeling Study,
Techni cal Report CHL-97-8, U.S. Arny Engi neer Waterways Experinent Station
Vi cksburg, M

The U S. Arny Engineer District, Jacksonville, is investigating howto inprove
tidal flushing in MIIl Cove, lower St. Johns River, Florida, to maintain water
quality and to prevent excessive sedinentation. Four plans have been proposed
to reshape the shoreline within the cove. One additional proposed plan wll

al so nmodify the bathymetry in the area. RMA2-WES, a two-dinensional, vertically
aver aged hydrodynam ¢ nodel, was used to conpare the circulation patterns that
occur in the present-day MII Cove against the circulation patterns that woul d
result fromthe five plan configurations. Sedinent transport was sinul ated
usi ng SED2D- WS, a two-di nensional, vertically averaged nodel of sedinment
advection and dispersion in the water colum, w th the channel bed acting as a
source and/or sink for sedinent as it deposits and erodes. Currents and tides
were conpared to prototype data to validate the nunerical nodel. The study
addressed changes within MII Cove as well as any influence these changes had in
t he navi gati on channel



Smith, Tansen M, MAnally, WlliamH , Jr., and Teeter, Allen M (1987).
Corpus Christi Inner Harbor Shoaling |Investigation, Technical Report HL-87-13,
U S. Arny Engi neer Waterways Experiment Station, Vicksburg, M

A conbi nation of nunerical nbdels was used to test alternatives for shoaling
prevention in Corpus Christi Harbor, Texas. The vertically averaged nodel
system TABS-2, was used to sinulate contributions of sedinents by bay waters to
the sediment load. The laterally averaged estuari ne nodel, LAEMSED, was used to
simul ate density currents in the channel and sedinentation that occurs at the
har bor entrance.

Applications of the nodels testing advance mmi ntenance, renpval of industrial

di scharges and wi t hdrawal s, advance mai ntenance in conjunction with a sill, and
novenment of the disposal areas showed a 20 percent decrease in shoaling as a
result of industrial activity renoval, a 75 percent decrease in sedinents
entering the bay channel due to disposal area relocation, and practically no

ef fect on shoaling rates resulting from advance nai nt enance.

Appendi x A presents the results of a reconnai ssance survey on shoaling
conditions in Corpus Christi Harbor. Appendix B describes the TABS-2 nunerica
nodel i ng system and Appendi x C describes the theoretical aspects of LAEMSED.

Soong, Ta Wi, and Bhowm k, Nani G  (1991). Two-Di nmensi onal Hydrodynam c
Modeling O A Reach O The M ssissippi River In Pool 19. Proceedi ngs of the
1991 National Conference on Hydraulic Engineering, Nashville, TN, July 29-August
2, 1991. American Society of Cvil Engineers, New York, 900-905.

A depth-integrated finite-el enent nodel (RMA-2V) was applied on a section of the
Upper M ssissippi River to study the hydraulic characteristics of the flood
plain-river system The area that has been nodeled is called 'Mntrose Flats.'
Aquatic vegetation is abundant at this location, and the flow structure needs to
be evaluated in order to study the nutrient transport conditions within this
area. The present study focused on a | arge oval eddy that was observed to form
in this area near the downstreamend of the Devil's Creek delta. Causative
factors for this eddy were exanmi ned by using this numerical nmodel. Results

i ndi cate that the eddy can be sinulated by this nmodel and that nunerical study
is a feasible way to examni ne the nechani sns of eddy formation.

Stockstill, R L., Martin, s. K, and Berger, R C  (1995) Hydrodynanm c Mde
O Vessel- Generated Currents, Regulated R vers: Research & Managenent, Vol 11,
211-225, U. S. Arny Engi neer Waterways Experinment Station, Vicksburg, M

The drawdown and return currents of vessels navigating in channels have
previously been described by empirical relations or by using physical nodels.
The enpirical solutions are generally Iimted in scope to idealized channe
shapes. Physical nodels are unrestricted in this respect, but have linmtations
rel ated to expense and scale effects. 1In this paper, vessel effects are nodel ed
nunerically. The vessel’'s displacenment is represented by a noving pressure
field. The novenent of the pressure field is spatially varied in tineg,
representing a vessel navigating along a channel. The hydrodynanics are

descri bed using the two-di nensional shallow water equations, which are nodified
to account for the effects of the inposed pressure field. A Petrov-Galerkin
finite-el ement schene using characteristic-based weighting is used to solve the
governi ng equations. This Petrov-Galerkin test function is specifically
designed to nodel flow fields containing |arge gradients such as those found in
the vicinity of the noving vessel. The nunerical results for return flows and
wat er surface elevations are conpared with flume results of vessel passages.



Stockstill, Richard L., Berger, R C., and Nece, Ronald E. (1997). Two-
D mensi onal Flow Mdel For Trapezoi dal Hi gh-Velocity Channels, Journal of
Hydraul i ¢ Engi neering, Anerican Society of Cvil Engineers, |SSN 0733-
9429/ 97/ 0010- 0844- 0852.

A two-di nensi onal nunerical flow nodel for trapezoidal high-velocity channels is
devel oped. The nodel is designed specifically for simulation of flowin
channel s having sloping sidewalls in which the depth is an unknown variable in

t he governing equations and therefore the plan view of the flow domain is not
known a priori. Solutions are obtained by tine stepping fromspecified initial
conditions using an inplicit Petrov-Galerkin moving finite-el ement
representation of the governing equations. The noving finite-el enent nodel
produces a sinultaneous solution for the boundary di splacenent and fl ow
variables. This inplenentation provides stable solutions for supercritical flow
even at relatively large Courant nunbers. The nodel is tested by conparison of
simulation results with | aboratory data. These data sets serve as a basis for
eval uation of the nunerical nodel and should al so prove useful to researches in
testing other nunerical flow nodels applied to supercritical flow in channels
havi ng sl opi ng si dewal | s.

Stockstill, R L. (1997). Implicit Moving Finite El enent Mbdel of the 2D
Shal | ow WAt er Equations, Mving Boundaries |V, Conputational Mdeling of Free
and Movi ng Boundary Problens, ed. R V. Keer and C. A Brenbbia, Conputationa
Mechani cs Publicati ons.

Thi s paper describes a nmethod for determining inplicitly, the waterline and fl ow
variables in shallow water. In particular, the shallow water equations are
applied to open channels with sloping sidewalls and dam break flow over
initially dry beds. The donmain linits are tinme dependent in both cases, but
only the forner has a steady state. Arbitrary Lagrangi an-Eul eri an descri ptions
of the two-dinmensional shall ow water equations are used to describe the time-
dependent waterline fornmed by the water-surface/ channel -bed intersection. The
nodel uses and inplicit Petrov-Gal erkin noving-finite-el enent representation of
t he shal | owwat er equations. Sinultaneous solutions of the two-di nensiona
shal | ow-wat er equations and waterlines are obtained. The inplicit approach

rel axes tine-step size limtations and the Petrov-Galerkin test function

provi des numerical stability for advection-domnmi nated flows. The nodel offers a
vi abl e neans of representing shall owwater flows where the boundary |ocations
are not known a priori.

Stockstill, Richard L. (1995). 2D Modeling of Class B Bridge Flow in Steep
Channel s, Proceedings of the First International Conference on Water Resources
Engi neering, American Society of Cvil Engineers.

Bridge piers located in flood control channels are classified by the relation of
flow depth through the bridge section to critical depth upstream between, and
downstream of the piers. The termCass Bflowis applied to conditions in

whi ch sub-critical flow approaches the bridge, passes through critical depth at
a point along the piers, and then junps to sub-critical flow or renains
supercritical depending on the downstreamconditions. The far field dl ow
upstream of the bridge nay be sub-critical or supercritical. The flow studied
in this paper are of the Class B type in hydraulically steep channels. The
bridge pier constriction chokes the flow producing a hydraulic junp upstream of
the piers. The flow downstream of the piers is supercritical. The nunerica
flow nmodel HI VEL2D is used to sinulate the rapidly varied flow HVEL2D is a
dept h- aver aged, two-di nensional (2D) flow nodel designed specifically for flow



fields that contain supercritical and sub-critical regimes as well as the
transitions between the reginmes. Simulation results are conpared with published
| aborat ory dat a.

Stockstill, Richard L. (1994). Application of a Two-Di nensi onal Model of
Hydrodynanmics to San Tinoteo Creek Flood-Control Channel, California, Technica
Report HL-94-7, U.S. Arny Engi neer Waterways Experinment Station, Vicksburg, M

The San Tinoteo Creek, located in southern California, is a tributary of the
Santa Ana River and drains portions of the San Bernardino and Riverside
Counties. The existing creek has the capacity to protect the surrounding
conmmunity from approxi mately a 20-year-frequency flood. The proposed channe

i nprovenents will provide a 100-year |evel of protection. The proposed channe
design within the reach studied includes a sediment basin, a concrete weir

foll owed by a converging sidewall chute, a conpound horizontal curve, and a
bridge pier. This study was initiated because there was concern as to the
adequacy of a one-di nensional analysis of the flow conditions w thin the channe
chute. A two-dinmensional analysis was deenmed necessary to evaluate the chute s
i nfluence on the flow conditions in the curve and the curve s inpact on the flow
conditions at the bridge

The two-di mensi onal, depth-averaged fl ow nodel, H VEL2D, was used to sinulate
the flows in the high-velocity channel. This nodel was chosen because of its
ability to sinmulate supercritical flow and capture shocks such as oblique
standi ng waves. Simulation results indicated that the proposed San Ti noteo
Channel design and in particular, the San Ti noteo Canyon Road bridge, wll
convey the design discharge (100-year frequency event, 19,000 cfs) in an
accept abl e manner.

Stockstill, Richard L. (1996). A Two- Di nensi onal Free-Surface Fl ow Model for
Trapezoi dal Hi gh-Vel ocity Channels, Technical Report HL-96-16, U S. Arny
Engi neer Wt erways Experinment Station, Vicksburg, M

A two-di nensi onal free-surface nunerical flow nodel for trapezoidal high-

vel ocity channels is devel oped. The nodel addresses comon hydraulic features
of high-velocity channels including sub-critical or supercritical flow which
may undergo transition fromone regine to the other and can be further
conplicated by the presence of oblique standing waves. The nodel is designed
specifically for simulation of flow in trapezoidal high-velocity channels in
which the depth is an unknown variable in the governing equations; therefore,
the plan view of the flow donmain as delineated by the water surface/bank
interface is not known a priori

Steady state solutions are obtained by tine stepping fromspecified initial
conditions using an inplicit Petrov-Galerkin moving finite el ement
representation of the governing equations. As the conputed flow field evol ves
fromthe specified initial flow conditions and initial boundary l|ocation to the
steady state, the noving finite el enent nbpdel adjusts the |ocation of side
boundaries with the depth solution. The algorithmincludes a novel nethod for
sol ving the boundary di splacenent and the flow variabl es sinultaneously.

Testing of the conputational nmodel consists of comparing nodel results with
anal ytical solutions and | aboratory flume data. These tests denonstrate that
the nunerical nodel can be used as a tool for the evaluation of trapezoida

hi gh-vel ocity channel designs.



Stockstill, R L. (1994). Hl VEL2D: A Two- Di nensi onal Fl ow Model for Hi gh-
Vel ocity Channels, Technical Report REMR-HL-12, U.S. Arny Engi neer \Waterways
Experiment Station, Vicksburg, M

A nunerical flow nodel, H VEL2D, has been devel oped as a tool to eval uate high-
vel ocity channels. H VEL2D is a depth-averaged, two-di nensional flow nodel
designed specifically for flow fields that contain supercritical and sub-
critical reginmes as well as the transitions between the reginmes. The nodel is a
finite el ement description of the two-di nensional shall ow water equations in
conservative form Provided in this report are a description of the nunerica
flow nodel and illustrative exanples of typical high-velocity flow fields that
the nodel is capable of simulating. Mdel verification is obtained by
conparison of simulation results with data obtained fromflume studies. Mode
assunptions and limtations are al so discussed.

Teeter, Allen M Letter, Joseph V. Jr., Pratt, Thad C., Callegan, Christopher
J., and Boyt, WIlliamL. (1996). San Franci sco Bay Long- Ter m Managenent
Strategy (LTMS) For Dredgi ng and Di sposal, Report 2, Bayw de Suspended Sedi nent
Transport Modeling, Technical Report HL-96-8, U S. Arny Engi neer Waterways
Experi ment Station, Vicksburg, M

Fi el d data anal ysis was used to exam ne suspended sedinment transport in Centra
San Franci sco Bay, and to develop and verify a two-di mensional nunerical fine-
grai ned sedi nent transport nmodel. This study concerned the dispersion and fate
of disposed dredged naterial in Central San Francisco Bay, California. The 1992
noni toring survey spanned a 2-week period in June, and used three boat-nounted
acoustic Doppler current profiling (ADCP) systenms to obtain repeated cross-
sectional transects near the Golden Gate, the entrance to South Bay, and

Ri chnond Poi nt. Between acoustic transects, water sanples were obtained over
depth for salinity, total suspended material (TSM concentration, and particle
size determ nations. Acoustic backscatter data were used to produce correl ated
suspended material concentration and flux fields. Discrete measurenments were
fit to enpirical discharge and suspended flux nodels and integrated over a neap-
spring-neap-tidal sequence to estinmate net transport.

There was an observed net transport of suspended sedi nent seaward at the CGol den
Gate over the neap to spring sanpling period. The total net transport was
188x106kg (188,000 netric tonnes) seaward over 14 lunar days. Fluxes during the
ebb fl ows averaged 44 percent greater than the flood flows, and instantaneous
strong-ebb TSM fl uxes were often nore than twi ce those on flood tidal phases.

Suspended sedi nent concentration increased during the strongest part of the ebb
at all Central Bay sanpling ranges. Wnd forcing did not appear inmportant to
this process. Suspended concentrations quickly returned to normal |evels after
t he passage of peak ebb flows. Spatial variability in the TSMfields was
relatively large. The ADCP backscatter intensity neasurenents correl ated well
with TSM especially on the Golden Gate range where a broadband unit was

enpl oyed.

The nunerical sedinment nodel reproduced the tidal flux across ranges adequately.
I nst ant aneous TSM concentrations at a point were less well predicted by the
nodel as was tenporal variability. The nodel did not fully capture TSM
variability. The nodel should be a useful tool in predicting general transport
patterns in Central Bay.

Thomas, WIlliamA., and Heath, Ronald E. (1984) Application of TABS-2 To
Greenvill e Reach, M ssissippi River. River neandering, proceedings of the



conference Rivers 1983, New Ol eans, LA, Cctober 24-26, 1983. Anerican Society
of Civil Engineers, New York, 908-919.
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Thomas, W A., Heath, R E., Stewart, J. P., and Clark, DD G (1988). The

At chaf al aya River Delta; Report 5, the Atchafalaya R ver Delta Quasi-Two-

Di mensi onal nodel of delta growh and inpacts on river stages, Technical Report
HL-82-15, U.S. Arny Engi neer Waterways Experinent Station, Vicksburg, M.

A quasi -t wo- di nensi onal sedi nent novenent conputer programwas verified to

hi storical bed deposition and scour and used to forecast delta growh for the
next 50 years. The results are conpared with growth rates predicted by several
other nmethods in Report 6 of this series, "Interim Summary Report of G owth
Predi ction."”

Webb, Dennis W, and Daggett, Larry L. (1991). Ship Navigation Sinulation
Study Brazos |sland Harbor 42-Foot |nprovenment Brownsville, Texas, Techni cal
Report HL-91-8, U.S. Arny Engi neer Waterways Experinent Station, Vicksburg, M.

A real -tinme ship sinulation investigation of the proposed design for deepening
and wi deni ng the nan-made Brazos |sland Harbor Channel, Brownsville, TX was
conducted. The purpose of this study was to determine if the navigation channel
could be deepened from 36 to 42 ft without wi dening the existing channel w dth
of 200 ft or if the channel required widening to 250 or 300 ft as authorized. A
nunerical nodel of the existing ship channel fromthe Gulf of Mexico to the
turning basin at the Port of Brownsville was devel oped. This nodel was verified
by a nenber of the Brazos-Santiago Pilots Association. Numerical nodels of
three plans were al so devel oped, one with the existing channel deepened to 42
ft, one with the channel wi dened to 250 ft and deepened to 42 ft, and the other
wi th the channel w dened to 300 ft and deepened to 42 ft. The 250-ft wide
channel had a 100-ft w de and 15-ft deep side channel for towtraffic. Tests
were run in Brownsville on the US Arnmy Engi neer \Waterways Experinment Station
portabl e ship sinulator.

These tests denobnstrated that 250 ft is the optinumw dth for the Brazos |sland
Har bor Channel at a depth of 42 ft.



